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Chapter  4 

BOILER  FUELS 


1.  ADVANTAGES  OF  LIQUID  FUELS  AND  THEIR  CLASSIFICATION 

Liquid  boiler  fuel,  which  represents  the  heavy  residues  of 
direct  distillation  and  cracking  residues  (mazouts),  together  with 
thermal-refining  products  of  coals  and  bituminous  shales  (oils  and 
tars),  is  used  in  the  boilers  of  marine  and  stationary  boiler  sys¬ 
tems  and  for  technical  purposes  (in  smelting  of  steel,  in  thermal, 
heating  and  other  industrial  furnaces).  Heavy  crude  petroleums 
lacking  the  light  fractions  are  sometimes  used  as  boiler  fuels. 

Liquid  fuels  have  certain  advantages  over  solid  fuels: 

1)  high  heat  of  combustion  and  high  combustion  rates,  which 
make  it  possible  to  burn  liquid  fuel  at  high  utilization  of  the 
firebox  space,  which  may  reach  1,500,000  kcal/(ms*h)  and  more  as 
compared  to  350,000  kcal/(m3-h)  with  solid  fuels; 


2)  thorough  combustion  at  comparatively  small  excess-air  ra¬ 
tios; 

3)  low  ballast  content  (ash,  moisture); 

4)  possibility  of  automating  supply  of  fuel  to  firebox; 

5)  simplicity  of  loading  at  points  of  production,  shipment 
and  unloading  at  customer's  premises,  as  well  as  convenience  of 
warehouse  storage; 

6)  precision  and  simplicity  of  regulating  boiler-system  con¬ 
ditions  . 

Use  of  liquid  fuels  on  ships  makes  it  possible: 

1)  to  increase  the  range  of  the  ship  with  a  given  bunker 
weight  capacity  as  compared  with  the  use  of  solid  fuel; 

2)  loading  fuel  between  decks,  thereby  increasing  the  ship's 
useful  hold  capacity  and  improving  its  livability; 

3)  improve  the  maneuverability  of  the  ships  by  means  of 
higher  boiler  tuning  and  the  possibility  of  emptying  and  rebunker- 
1  n r.  fuel  tanks  with  comparative  speed; 

4)  mechanize  the  fuel-burning  process  and  accelerate  firing 
and  shutdown  of  the  boilers. 
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Industrial  furnaces  operating  on  liquid  fuel  are  smaller  and 
simpler  in  construction  than  furnaces  that  use  solid  fuel,  other 
conditions  the  same.  The  elimination  of  coal-stoking  and  ash-re¬ 
moval  operations  facilitates  servicing.  Further,  the  operational 
costs  involved  in  the  transport  and  burning  of  liquid  fuels  are 
lower  than  those  for  solid  fuels. 

Since  mazouts  are  the  principal  liquid  boiler  fuels,  all  liq¬ 
uid  fuels  used  in  the  fireboxes  of  boilers  and  furnaces  are  also 
called  mazouts. 

Mazouts  can  be  classified  [1,  2]  on  the  basis  of  origin  (pe¬ 
troleum,  shale,  coal),  sulfur  content  (low-nulfur,  sulfur-contain¬ 
ing,  high-sulfur)  and  range  of  application  (fleet,  firebox,  open- 
hearth).  The  manufacturers  classify  mazouts  on  the  basis  of  the 
type  of  raw  material  and  the  production  technology  (Table  4.1). 
Mazouts  are  also  classified  on  the  basis  of  density  (light,  heavy, 
superheavy)  and  viscosity  (low-viscosity,  medium-viscosity,  highl¬ 
and  super-viscosity). 

Heavy  cracking  residues  (cracking  mazouts)  are  the  principal 
types  used  in  the  USSR;s  economy.  Low-viscosity  mazouts,  especial¬ 
ly  straight-run  types,  are  used  only  on  oceangoing  vessels  and  for 
special  purposes.  The  super-viscosity  cracking  residues  produced 
at  the  present  time  can  be  used  directly  as  fuels  for  thermal 
electric  power  stations  and  in  industrial  boiler  plants  located 
near  petroleum  refineries.  After  dilution  with  low-viscosity  com¬ 
ponents  (solar  oil,  etc.)  to  obtain  the  viscosity  specified  by 
the  standards  for  petroleum  fuel  [3],  they  can  be  shipped  to  other 
consumers. 

Shale  and  coal  mazouts  are  usually  regarded  as  substitutes 
for  mazouts  of  petroleum  origin.  Various  tars  and  oils  obtained  in 
the  refining  of  solid,  liquid  and  gaseous  fuels  may  also  be  used 
as  substitutes. 

2.  PRODUCT  CLASSES  AND  QUALITY  OF  COMMERCIAL  BOILER  FUELS  PRODUCED 
IN  THE  USSR 

t  At  the  present  time,  the  Industry  is  producing  the  following 

grades  of  liquid  boiler  fuels:  1)  petroleum  (mazout);  2)  Ukhta; 

3)  high-paraffin  petroleum;  4)  export  mazout;  5)  coal  and  shale 
*  fuel  mazouts  (shale  oil)  (4]. 

Fuel  oil  mazout  (AUSS  10585-63)  is  made  In  six  grades:  P5  and 
F12  fleet  mazouts.  Nos.  4q,  100  and  200  firebox  mazouts  and  OH  (Mfl  - 
lAPTEHOBCKAfl  fiEMb)  fuel  for  open-hearth  furnaces.  The  grades  of  the 
mazouts  are  determined  by  the  maximum  permissible  viscosity  at  50°C 
In  °VC  [viscosity,  conventional] (°By)  (prior  to  1965,  fleet  mazout 
was  produced  in  three  grades  according  to  AUSS  1626-57:  FS5,  F12  and 
F20,  and  firebox  mazout  in  nix  grades  according  to  AUSS  1501-57:  Nos. 
20,  40,  60,  80,  100  and  200). 

Fleet  mazouts  F5  and  F12  are  intended  for  burning  in  the 
boiler  plants  of  ocean-going  vessels.  They  can  be  used  in  internal- 
combustion  engines  and  gas  turbines .  F12  mazout  is  a  mixture  of 
refinery  products  of  low-sulfur  petroleums:  60-701  straight-run 
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Basic  Quality  Indices  for  Mazouts  and  OH 
Fuel  (All-Union  State  Standard  [AUSS]  (TOCT) 

16585-63} 
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*Up  to  5*  Is  permitted  for  mazouts  that  have 
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Indicator 
Fleet  mazouts 
F5 

Firebox  mazouts 

OH  fuel  (for  open-hearth 

furnaces) 

Density  at  20*0,  g/cm*» 
not  above 

Conventional  viscosity, 
°VC,  not  above: 

At 

Dynamic  viscosity,  poi,» 
not  above; 


Flash  point,  °C,  not  below 
In  closed  crucible 
In  open  crucible 
Pour  point,  6C,  not  above 
Pour  point  of  fuels  from 
h  .gh-paraf fin  petroleums, 
°C 

Heac  of  corpus tlcn  (low, 
for  i'-'y  fuel) 
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mum)  : 

For  Iow-;<ulfur  and  sulfur 
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18) 

For  high-sulfur  fuels 

24) 

(for  sulfur-containing 

19) 

Ash,  % ,  not  above 

fuels) 

20) 

Mechanical  impurities,  ?, 

25) 

(for  high-sulfur  fuels) 

not  above 

26) 

Gummy  substances,  ?,  not 

21) 

Water,  ?,  not  above 

above 

22) 

Sulfur,  ?,  not  above 

27) 

Coking  capacity,  ?  by 

23) 

(for  low-sulfur  fuels) 

mass,  not  below. 

mazout,  10-12?  gas-oil  fractions 

(black  solar  oil),  and  20-30? 

cracking  residue.  The  proportions  of  the  components  are  not  con¬ 
stant,  and  depend  on  the  grade  of  mazout  to  be  made  and  the  qual¬ 
ity  of  the  components.  Mahout  F5  consists  of  straight-run  sulfur- 
petroleum  products:  60-70'*  mazout,  30-40?!  gas-oil  fractions.  It 
may  contain  up  to  22 ?  kerosene-gas-oil  fractions  from  thermal  and 
catalytic  cracking.  The  viscosity  specified  for  F5  sulfur- contain¬ 
ing  mazout  (dynamic  viscosity  in  roises)  at  10  ar.d  0°C  is  deter¬ 
mined  on  M.P.  Volarovichs  rotary  viscosimeter.  By  agreement  with 
the  consumer,  no  less  than  0.2?  of  VNII  NP-102  or  VNII  NP-103  ad¬ 
ditive  is  used  in  fuel  for  marine  boilers. 

Firebox  mazouts  are  heavy  cracking  residues,  either  alone  or 
mixed  with  straight-run  mazouts.  Asphalt  is  sometimes  introduced 
in  the  production  of  high-viscosity  mazouts.  In  addition  to  high 
viscosity  and  a  positive  pour  point,  they  are  allowed  higher  con¬ 
tents  of  mechanical  impurities,  sulfur,  and  water  and  lower  heats 
of  combustion  than  fleet  mazouts.  Because  of  the  high  visooslty  of 
firebox  mazouts  at  50°C  and  the  difficulty  of  determining  it,  vis¬ 
cosity  is  defined  and  standardized:  at  fl0°C  for  Nos.  40  and  100 
mazouts  and  at  100°C  for  No.  200  mazout.  Firebox  mazouts  are  in¬ 
tended  for  burning  in  ship  boiler  plants  (mazout  4o),  stationary 
boiler  rooms  and  industrial  furnaces , 

The  grade  of  the  mazouts  used  for  stationary  boilers  is  spec¬ 
ified  as  a  function  of  nozzle  throughput,  stoking  equipment,  and 
whether  the  installations  are  provided  with  preheaters.  Heavy 
boiler  masouts  are  used  in  stationary  boilers  with  high-capacity 
preheating  and  high-throughput  nozzles. 

For  moderate  sized  industrial  furnaces  with  small  nozzles  us¬ 
ing  up  to  25-50  kg  of  fuel  per  hour,  light  boiler  fuel  is  recom¬ 
mended;  a  medium-viscosity  fuel  such  as  No.  40  mazout  is  necessary 
for  nozzles  handling  50-100  kg/hour,  and  high-viscosity  mazouts 
such  as  No.  100  or  with  even  higher  viscosity  should  be  used  for 
nozzles  with  flow  rates  above  100  kg/hour  and  a  preheating  system 
[13. 


open-hearth  OH  f’*el  is  obtained  from  low-sulfur  raw  materi¬ 
als.  Its  quality  indices  resemble  those  of  No.  100  firebox  mazout. 
Coking  capacity,  which  is  cl*o  standardized  Tor  it,  is  determined 
after  removal  or  mechanical  ^purities . 

The  quality  indices  of  fleet  m.d  firebox  mazouts  and  fc?  fuel 
arc*  listed  i,j  Tacle  4.2. 

Fuel  oils  Include  residues  from  distilled  ton  of  Ukhta  petro- 
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TABLE  4.3 

Quality  Indices  of  Fuel  Oils  from  Ukhta  and 
West  Ukrainian  Petroleums 
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14)  Water,  *,  not  above. 


TABLE  4.4 

Principal  Quality  Indices  of  Export  Mazouts 
(ETS  638-57) 
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6)  Plash  point  (open  crucible),  °C,  not  below 

7)  Pour  point,  °C,  not  above 

8)  Heat  of  combustion  (low,  dry  fuel), 
kcal/’ig,  not  below 

9)  Ash,  $,  not  above 

10)  Sulfur,  %t  not  above 

11)  Water  and  mechanical  impurities,  Jf,  not 
ab eve . 


TABLE  4.5 

Principal  Quality  Indices  of  Coal  and  Shale 
Mazouts 
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(in  closed  crucible) 
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Shale  oil  mazout  (AUSS 

J) 

Pour  point,  not  above 

4806-49) 

K) 

heat  of  combustion,  kcalAg 

D) 

Distillate  mazout  from 

L) 

Gummy  substances,  % 

shale  tar  [5] 

M) 

Ash,  1,  not  above 

E) 

Conventional  viscosity, 

N) 

Sulfur,  %t  not  above 

at  75°C,  °VC,  not  above 

0) 

Water,  %,  not  above 

P) 

At 

P) 

None. 

0) 

Temperatures,  °C 

leums  (Ukhta  boiler  fuel)  and  high-paraffin  petroleums  from  the 
West  Ukrainian  deposits  (UR  VTU-59  boiler  fuel  oil).  The  quality 
indices  o*  these  fuels  are  given  in  Table  4.3. 

Ukhta  fuel  i3  intended  for  burning  in  large  boiler  plant*, 
and  hiwh-paraffin  masout  in  stationary  boilers  and  industrial  fur¬ 
naces  . 

Export  mazout  (ETS  638-57  [3Ty])  is  made  in  three  grades:  *10,  0, 
and  The  mazouts  are  graded  in  accordance  with  pour  point 
(TaSlo  4.4) . 
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Coal-fuel  mazout  (TS  464-53)  is  a  residue  from  distillation 
of  tar3  obtained  in  semicoking  of  coal.  It  is  used  in  boiler  in¬ 
stallations  and  industrial  furnaces  (Table  4.5). 

Shale  oil  (AUSS  4806-49)  is  neutralized  shale  tar  obtained 
in  thermal  decomposition  of  kerogen  (the  organic  matter  of  bitu¬ 
minous  shales)  in  internally  heated  furnaces  (tunnel,  generator, 
chamber).  As  regards  quality  (see  Table  4.5),  shale  mazout  is  sim¬ 
ilar  to  the  fleet  grade.  However,  3hale  oil  is  not  used  on  ocean¬ 
going  vessels  because  of  its  low  heat  of  combustion  and  poor  sepa¬ 
ration  after  mixing  with  water.  The  oil  is  so  dense  (1000  and 
more)  that  wate^  that  has  gotten  into  it  does  not  settle,  but 
floats  on  it  or  is  distributed  nonuniformly  throughout  its  entire 
mass  in  the  form  of  pockets  and  separate  layers . 

TABLE  4.6 

Physicochemical  Properties  of  Liquid  Products  Recommended  as  Sub¬ 
stitutes  [6] 
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Density 
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18)  VC 1 7 o •  Flows  dropwise  22)  Paraffin  oil 
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Under  semiindustrial  conditions,  a  technology  has  been  worked 
out  for  the  production  of  distillate  mazout  -  the  50 ^  fraction  in 
vacuum  distillation  of  the  tar  residue  boiling  above  325°C  [5]. 
Distillate  mazout  pours  at  low  temperature  and  separates  well  from 
water  (see  Table  4.5). 

A  number  of  products  are  used  as  mazout  substitutes  (Table 

4.6). 


3.  PRODUCT  CLASSES  AND  QUALITY  OF  COMMERCIAL  BOILER  FUELS  PRODUCED 
ABROAD  [7] 

In  foreign  countries,  it  is  customary  to  classify  boiler 
fuels  as  distillate  (furnace)  and  residual  (mazout)  types. 

Furnace  fuels  are  medium  distillate  products  obtained  in 
thermal  and  catalytic  cracking  of  petroleum  products  and  in  coking 
of  residual  fuels.  They  are  used  chiefly  for  heating  buildings  (to 
60?),  in  railroad  transportation,  and  in  industry.  Furnace  fuels 
are  sometimes  called  domestic  fuels  (England),  light  fuels 
(France),  or  nozzle  fuels  (USA).  The  grading  of  furnace  fuels  is 
a  function  of  viscosity  and  the  purpose  of  the  fuel  or  the  type 
of  nozzle. 

Mazouts  are  intended  for  burning  in  the  fireboxes  of  trans¬ 
portation  and  stationary  steam  boilers,  in  various  industrial  fur¬ 
naces,  and  for  heating  buildings.  Mazouts  are  also  used  as  fuels 
for  slow  diesels  and  gas-turbine  engines. 

Mazouts  are  classified  by  origin  (petroleum,  coal,  shale), 
production  technology  (streight-run,  cracking  mazouts),  purpose 
(firebox  and  bunker  or  domestic-communal,  industrial  and  marine: 
special  Meet  .nd  bunker  grades)  and  physicochemical  Indices  (den¬ 
sity  and  viscc.ity).  In  the  official  specifications  of  a  number  of 
countries  (Belgium,  France,  etc.)  and  also  individual  petroleum 
companies  ("Regent,"  "Shell,"  "Esso,"  etc.),  mazouts  are  classi¬ 
fied  on  the  basis  of  the  above  criteria  as  light,  medium,  heavy 
and  even  superheavy  (Be 'glum).  Depending  on  viscosity,  they  are 
classified  as  low-viscosity,  medium-viscosity  and  high-viscosity 
(Federal  Republic  of  Germany,  etc.).  In  the  specifications  of  a 
number  of  countries  (USA,  Japan,  etc.),  no  such  division  is  made; 
however,  viscosity  is  also  used  a3  a  basis  for  actual  grading  of 
mazouts . 

For  the  most  part,  boiler-fuel  quality  is  evaluated  abroad 
on  the  basis  of  the  same  physicochemical  indices  as  in  the  USSR. 
Only  the  methods  of  determining  certain  constants  and  their  evalu¬ 
ation  are  different. 


1.  Viscosity.  The  viscosities  of  residual  fuels  are  deter¬ 
mined:  in  the  USA  in  Saybolt  universal  (low-viscosity  mazouts)  and 
Saybolt-Purol  (high-viscosity  grades)  viscosimeters;  in  England  in 
Redwood  viscosimeters;  in  Italy  and  other  European  countries,  in 
the  Engler  viscosimeter. 

Some  specifications  indicate  simultaneously  the  kinematic 
viscosity  in  cst  as  obtained  by  conversion. 

2.  Pour  point.  A  number  of  countries  use  a  method  similar  to 
ASTMD  97-59  (USA)  to  determine  the  pour  points  of  residual  fuels 
after  preheating  of  the  fuel  specimen  to  46°C  and  cooling  to 
32.2°C.  It  also  provides  for  determination  of  the  so-called  maxi¬ 
mum  pour  point.  In  this  case,  the  specimen  is  preheated  to 

104. 4°C.  The  maximum  pour  point  is  also  determined  by  the  method 
of  JVM  201-50.  The  fuel  sample  is  heated  to  100°C  and  cooled  to 
-6,7°C.  Then  nine  separate  samples  are  heated  to  a  given  tempera¬ 
ture  (between  32.2  and  87.8°C),  followed  by  determination  of  the 
pour  point.  The  lowest  pour  point  obtained  in  this  process  for 
the  mazout  is  taken  as  the  maximum  nour  point. 

3.  Fluidity.  To  establish  a  guideline  temperature  at  which 
the  mazout  remains  mob*j.e  and  can  be  pumped  through  mazout  lines, 
tests  for  fluidity  by  a  method  proposed  by  the  Arabian-American 
Oil  Company  and  incorporated  into  U.S.  Navy  Department  Specifica¬ 
tion  MIL-F-859D  have  been  introduced.. 

Fluidity  is  determined  at  0°C  in  a  U-tube  connected  to  a  vac¬ 
uum  pump.  The  mazout  is  considered  to  have  passed  the  test  and  re¬ 
tained  mobility  in  operation  at  0°C  if  some  small  motion  of  the 
mazout  in  the  tube  is  observed  after  pumping  for  30  min  at  a  pres¬ 
sure  not  exceeding  0.2  atm. 

4.  Thermal  stability.  Thermal  stability  Is  an  Index  to  the 
tendency  of  a  mazout  to  form  deposits  during  storage  and  heating 
(carbenes,  carboids,  asphaltenes,  tars,  mechanical  Impurities,  and 
water)  such  as  make  work  with  them  difficult. 

In  the  widely  accepted  ASTMD  1661-59T  method,  thermal  stabil¬ 
ity  is  determined  in  a  glass  Instrument  in  which  the  mazout, 
heated  to  98°C,  is  circulated  for  6  hours.  Stability  is  estab¬ 
lished  by  comparing  the  external  appearance  of  a  steel  bushing 
that  is  heated  to  176°C  and  washed  by  the  mazout  with  a  reference 
bushing.  When  a  coke-like  film  is  present  on  the  bushing  (after 
washing  with  benzene),  or  it  has  darkened  greatly,  the  mazout  is 
considered  to  be  unstable. 

5.  Explosiveness.  In  the  USA  (specification  MIL-F-859D) ,  ex¬ 
plosiveness  specifications  have  been  applied  to  mazouts  as  a  re¬ 
sult  (  "  fuel-tank  explosions  that  have  occurred  aboard  ships  due 
to  act'.,  lulation  of  an  explosive  mixture  above  the  surface  of  the 
oil  dur'ug  storage.  The  explosive  mixture  contains  hydrogen  sul¬ 
fide,  propane  and  other  volatile  hydrocarbons. 

Explosiveness  is  determined  with  a  device  used  to  determine 
that  of  the  gas-air  mixture  in  petroleum  storage  tanks.  A  mazout 
pas the  test  if  the  explosiveness  of  vapors  liberated  when  it 
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is  heated  to  5 1.6°C  and  shaken  for  5  min  is  lower  than  that  of  the 
gas  mixture  (methane,  ethane,  propane)  established  during  calibra¬ 
tion  of  the  device. 

TABLE  i|  .7 

US  Specification  ASTM  D  396-60T  for  Boiler 
Fuels  (Distillate  and  Residual) 
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16)  Coking  capacity  of  1055 
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rads  on,  %,  not  above 

17)  Corrosion  (copper-plate 
test ) 
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In  the  USA,  the  most  commonly  applied  specification  is 
ASTM  D  396-60T,  which  provides  for  the  production  of  five  grades 
of  boiler  (nozzle)  fuels  of  petroleum  origin:  Nos.  1,  2,  4,  5  and 
6 . 


Grades  Nos.  1  and  2  arc  distillate  fuels  (furnace  type).  Fuel 
No.  1  is  intended  for  burning  in  installations  with  vaporizing 
nozzles,  and  fuel  No.  2  in  combined  (vaporization  and  atomizer) 
installations.  Fuel  No.  4  is  usually  a  mixture  of  medium-viscosity 
distillate  fuel  with  residual  fuel,  but  may  also  be  residual.  It 
is  used  In  installations  without  preheating.  Grades  Nos.  5  and  6 
are  residual  fuels  (mazouts).  Boiler  installations  equipped  with 
fuel  preheaters  operate  on  these  fuels.  Mazout  No.  6,  as  a  higher- 
viscosity  grade,  is  used  In  large  boiler  installations  with  power¬ 
ful  preheaters.  The  quality  requirements  for  boiler  fuels  accord¬ 
ing  to  the  specifications  of  ASTM  396-6OT  are  given  in  Table  4.7. 

Detailed  characterizations  of  residual  fuels  of  the  various 
types  produced  in  the  USA  are  listed  in  Table  4.8. 

Table  4.9  presents  US  Naval  Specification  MIL-F-859D  for 
naval  fuels.  It  establishes  two  mazout  grades:  special  (fleet)  and 
heavy.  The  special  grade  is  intended  for  use  in  the  steam-boiler 
fireboxes  of. naval  vessels,  and  the  heavy  mazout  for  steam-boiler 
installations  of  government  vessels  and  shoreline  powerplants. 

In  England,  the  prevailing  specification  Is  that  of  the 
British  Standards  Institute  (Table  4.10),  which  is  extended  to 
distillate  and  residual  fuels  obtained  by  refining  petroleums  and 
shales  (BS  2869-57).  Grade  D  is  used  for  automatic  nozzles  in  do¬ 
mestic  and  other  similar  installations;  mazouts  F,  G  and  H  are 
used  in  boiler  installations  fitted  with  preheaters.  Mazout  E  is 
used  without  preheating. 

As  necessary,  the  requirements  as  to  pour  point  and  sulfur 
and  ash  contents  are  established  by  contract  between  the  supplier 
and  the  customer.  Owing  to  the  absence  of  a  number  of  indicators 
in  Specification  BS2869-57,  individual  company  specifications  are 
used  extensively  in  England  (Table  4. 11). 

In  the  Federal  Republic  of  Germany,  fuels  from  coals  and  lig¬ 
nites  are  used  extensively  in  addition  to  petroleum  fuels.  Accord¬ 
ing  to  Ine  government  specification  DIN  51603  (Table  4.12),  four 
fuel  grades  are  distinguished:  EL,  L,  M  and  S.  Grades  EL  and  L  are 
of  the  distillate-fuel  type,  the  quality  of  grade  M  resembles  that 
of  fleet  mazout  F5,  and  grade  S  resembled  firebox  mazout  No.  60 . 
The  fuel  obtained  from  coal  and  lignite,  and  especially  grade  EL, 
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TABLE  4.8 

Quality  of  Typical  Commercial  Residual  Fuels  of  the.. USA 


riOMMMM 


2  Copn  ■  ninu  roun 


M  4 


Hi 


H  • 


j  H/iothocti,  npn  15,6®  C,  m/M*  .  . 

[  Bh3Kocti>  ycnoBuaH,  °BV: 

5  npi(  21°  C  . 

»  37,8°  C  . 

»  50°  C  . 

»  65”''  . 

»  98, 'J°  c  . 

)  TeMiiepatypn,  °C: 

7  DCIIUIIIKtl  (ft  38KpMTOM  THTJ16) 
H  nciiuiiiKii  (a  oTKpuTOM  THrjie) 
9  nociuiaMcueiiHa  (a  OTXpuTOM 

Tiirjic)  . 

10  sacTuoaunR . 

I  TrpMimccKnH  CTa6nJibu0CTb,  6aaau 

'  BaphiBacMOCTb,  % . 

]  (PpaKuiiomiuii  cocrao,  °C: 

1  4  na<iajio  XHneHHH  . 

13  noporonaeTCft  npa  ieMnepa- 
Type,  °C: 

5% . 

10%  . 

20%  . . 

30%  . 

40%  . 

50% . 

60%  . 


1,0078 


6 

2,8 

2,02 


115,6 

123,9 


D  . 


0,9273 


4,32 

2,56 

2,03 


141,1 
-31.7] 
1 
5 


233,9 


268.4 
276,7 
295,6 
311,1 
323,9 

339.4 
355,0 


104.4 

115,6 


132,2 

—23,3 

1 
5 


101,1 


231.7 

270.6 

283.3 

295.6 

300.4 

322.8 
350,0 


0,9402 


0,9129 


2,62 

2,05 


84,4 

96,1 


110,0 

—37,21 

1 

15 


2123 


2272 

241,7 

261.1 

279,4 

305,0 

333,3 

3623 


70%  . 

383,0 

402,0 

4033 

3863 

486,6 

5373 

5063 

538,0 

559,0 

80%  . 

4343 

494,3 

4953 

4023 

5350 

568,0 

— 

5583 

569,0 

90%  . 

490,5 

540,0 

5373 

4223 

560,0 

— 

— 

— 

— 

16  koiic'I  KHneHua . 

540 

92% 

576 

5373 

466 

90% 

560 

80% 

568 

76% 

529 

89% 

585 

88% 

566 

7  Bccro  iicpcronaaTca,  % . 

8  CoAOpwailllO  3JI6ICQIIT0B,  MCTH  M 

mujmiiioh: 

98 

92 

90 

99 

90 

80 

76 

89 

88 

19  o/noMHHnik  . 

0,6 

4 

4 

— 

4 

20 

5 

4 

40 

<?0  xajii.uHfl  . .  .  . 

0,3 

3 

23 

— 

2,5 

1 

4 

5 

3  l 

2 1  . . 

0,05 

0,04 

— 

03 

03 

0.1 

03 

0,5 

2  2  . . 

4 

1 

12 

— 

15 

10 

8 

20 

40 

2  3 wnnmfl . 

0,6 

1 

19 

— 

5 

1 

9 

5 

4 

2m  Mapt'aueu . 

0,08 

0,1 

— 

— 

03 

0,3 

0,5 

0,7 

1 

2  5  IIIlKtvtb . 

02 

— 

8 

— 

10 

to 

20 

10 

20 

26  Ka^iia  . 

0,09 

V- 

0.4 

— 

0.4 

5 

0.1 

» 

1 

2  7  xpaMiuift . 

1 

2 

2,4 

— 

43 

30 

* 

3 

40 

28  uaTpuO . .  ■  • 

0.4 

4 

10 

6,5 

5 

14 

17 

It 

29  wioao  .....  . 

03 

0.3 

— 

— 

13 

0A 

— 

— 

— 

30  . . 

1 

0.9 

— 

— 

10 

3 

2 

3 

9 

3  X  aanauiii  . 

0.7 

4 

107 

— 

33 

11 

71 

8 

14 

uiiiik . 

33CoaepaunM*.  %: 

4 

" 

}  !l  ao.tu  n  oca/ma,  %  . 

ir-  ooMKti  (o»ipa«®aaanorw  •«* 

0,10 

0,10 

0,10 

Caaiuf 

0,10 

030 

0,10 

0.10 

13 

TpaXBMA),  % . 

3t*  Bo.ta  (onpeaMiMkaa  Depareimoi), 

* . 

3  3  Koiicyanoctb  no  Kowpaaeony, 

OCT  a  TO  K ,  % . 

036 

0,10 

3£ 

0.10 

•tax 

031 

036 

035 

i7 

'Caaai 

0,10 

036 

0,12 

3 

536 

6,68 

430 

6,10 

722 

63C 

S.76 

102 

v<  3o4blKKTb,  %  . 

0316 

0306 

0389 

0300 

i  0301 

0313 

0325 

0335 

0332 

10  Capa,  % . 

036 

037 

130 

022 

036 

936 

130 

039 

0,78 

631 

3,03 


5,25 


154.4 

1573 


1.0143 


0,9509 


0,95lffl 


0,9972 


11,37 

5,70 


1,60 


179,4 
45, 6| 

0 


238,3 


315,6 

3322 

3423 

3523 

3623 

373,9 


118,3 

1373 


154,4 
-20,6] 
1 
5 


240,6 


274.4 
288,9 
310,6 
3333 

354.4 
383.0 
434.0 


10,72 

5,04 


1,70 


118,3 
137 ,8 


151,7 

-0.7 

1 

4 


243.9 


276.1 
290,6 

326.1 
350,0 
383,0 
423,9 
475,0 


5.44 

3.45 


1,50 


115.6 


135,0 

-48.3] 

1 

14 


218,9 


248,3 

2r9,l 

28/2 

303,9 

321.1 

346.1 
419,5 


24.1 

2,96 


123.9 

1433 


171,1 

—15,0| 

1 

14 


237 3 


279,4 

301,7 

335,0 

372,0 

4423 

496,0 

527,0 


03732 


0,9672 


51,16 

4.93 


121,1 

13,9 


185,0 

72 

1 

45 


2153 


290,0 

337,7 

397,0 

446,1 

515,6 

537,4 

5403 


0,96591 


453 

4,65 


1123 

121.1 


154.4 

-153| 

12 


2123 


253.9 

2833 

3363 

3913 

462.0 

5073  | 

5233) 


6334 

24,70 

5,74 


0,9640 


157 

533 


520 


1933  121,1 
210,0  1403 


2322 

10 

1 

5 


196,1 

15,0 

1 

14 


-  2123 


5293 


72% 

5294 

72 


2983 

3503 

3833 

4103 

4443 

4943 

«o 


60% 

568 


10 

7 


13 


3 

47 


20 

1 

6 

26 


417 


0,10 

036 


034 

03 

1 


12 

02 

5.7 

43 


0.4 

40 


030 

036 


30 

4 

0.4 

5 
10 
0,7 
20 
1 

20 

14 

03 

8 

110 


13 

036 


Camm 


10.7 

0373 

236 


M 

0310 

336 


113 

0340 

337 


237 


1)  Index 

2)  Grades  and  types  of  fuels 

3)  Density  at  15. 6°C,  tons/m1 2 3 

4)  Conventional  viscosity, 

6  VC 

5)  At 

6)  Temperatures,  °C 

7)  Plash  point  (in  closed 
crucible) 

8)  Plash  point  (open  cru¬ 
cible) 

9)  Ignition  point  (open  cru¬ 
cible) 

10)  Pour  point 

11)  Thermal  stability,  points 

12)  Explosiveness,  % 

13)  Fractional  composition,  °C 

14)  Start  of  boiling 

15)  Distilled  over  at  tempera¬ 
tures,  °C 

16)  End  point 

17)  Total  distilled  over,  % 

18)  Content  of  elements,  parts 
per  million 

19)  Aluminum 

20)  Calcium 


21)  Copper 

22)  Iron 

23)  Magnesium 

24)  Manganese 

25)  Nickel 

26)  Potassium 

27)  Silicon 

28)  Sodium 

29)  Tin 

30)  Lead 

31)  Vanadium 

32)  Zinc 

33)  Contents,  % 

34)  Water  and  sediment,  % 

35)  Sediment  (determined  by 
extraction),  % 

36)  Water  (determined  by  dis¬ 
tillation),  % 

37)  Traces 

38)  Conradson  coking  capacity, 
residue,  % 

39)  Ash,  % 

40)  Sulfur,  %. 


TABLE  4.9 

USA  Speclficatior.  MIL-F-859D  for  Boiler  Fuels 


1  COKIUTMB 


Chmna.ibHut 


5  n.ioniocTh  npu  15,6*  C,  hb  Bume . 

6  BflSKCCTb  JC.10BHBB,  ‘BY: 

7  npu  29,5°  C,  He  mbmb  ........ 

8  *  50°  C,  we  Soaee . 

9  Texnepavypa,  *C: 

10  BcouuiKH  (a  sBKpwTou  Tnr.ie),  He  nn»*e 

11  Bocn.-iaueireuDH,  ne  ubwb . 

12  ucTUBaunfi  (vaKcnMMbHBH),  ne  sum*  . 

L3  BjpbiB*e.MocTb,  *•,  ite  So.iee . 


0,9895 


T  4  Ti'pMniecKBH  cTBoi.naocTb .  15  Buaepwnuer 

16  KoKcytMocTb  no  Koupaaeony,  %,  bb  (kwre  ...  0,15  - 

17  Texyeem,  'C,  hb  bmbm .  0 

18  CoaepiKBuue  aoau  n  Hspecraopiiuiix  ocjakob, 

ofrMMH.  *•,  BB  COABB .  0,5 

19  MexauaiecKiie  npaMtcu  (onpeae-mpMUB  axcrpax- 

nncfl),  S,  ue  6oabb  .  0,12  C.l 

20  Boob  (oiipcAe.meMait  nepemiiKoi),  oOvshh.  %. 

MS  6o.tbb  .  0,5  0,1 

21  Cepe,  %,  BB  «o ABB .  3.5 

2  2  3o.ibHoei %,ub5ojmb .  0.1  0.1 

1)  Index  3)  Special 

2)  Mazout  Heavy 

5)  Density  at  15.6°C,  not  above 

6)  Conventional  viscosity,  °VC 

7)  At  2 9.5°C,  not  below 

8)  At  50°C,  not  above 
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9)  Temperatures,  °C 

10)  Plash  point  (closed  crucible),  not  below 

11)  Ignition  point,  not  below 

12)  Pour  point  (maximum),  not  above 

13)  Explosiveness,  %,  not  above 

14 )  Thermal  stability 

15)  Passes 

16)  Conradson  coking  capacity,  i,  not  above 
IT)  Fluidity,  °C,  not  above 

18)  Content  of  water  and  insoluble  residues, 
%  by  volume,  not  above 

19)  Mechanical  impurities  (determined  by  ex¬ 
traction),  %,  not  above 

20)  Water  (determined  by  distillation),  %  by 
volume,  not  above 

21)  Sulfur,  %,  not  above 

22)  Ash,  %,  not  above. 


TABLE  4.10 

Specification  BS  2869-57  of  British  Standards 
Institute 


nomtaTum 


Toaano 

2  w* 
won m» 


KMyr  W  npommueanix  ■ 


4  Bhikoctl  KBBeuaTnacxui, 
can: 

5  np«  37,8*0,  \»  Bum 
D  »  50  °C,  na  iiw»  .  . 
7  BnsKocrb  yc-ioBBaa,  “By 

np«  50*  C . 

0  TcinepaTypa  kousmi 
(■  aaxpuTOu  tbm*),  *C, 

H«  HBJK* . 

9  Tqd.toti  cropaimn,  k *oa/k$: 

10  aucnna . 

11  aniniM . 

12  KoKcytMocTb  no  KoHpwawy, 

,  M  6o.W«  ...... 

1 3  3o.nnocn.,  H.  «•  6oa«f  .  . 
15<>P«,  *i,  w  oojm*  .... 
1  /  Boa*,  ofiWJiu.  %,  nt  6oae* 


lillo  t 


lOHUKI 

16  T*  i 

to  i 


10  000  9000 
9430  9380 


noTpaSsTKMft 

m  to  I  I* 


1)  Index 

2)  Fuel  for  heating 

3)  Mazout  for  industrial  and  marine  fireboxes 

4)  Kinematic  viscosity,  cst 

5)  At  37. 8° C,  not  above 

6)  At  50°C,  not  above 

7)  Conventional  viscosity,  ®VC  at  50°C 

8)  Plash  point  (closed  crucible),  °C,  not 
below 

9)  Heat  of  combustion,  kcal/kg 

10)  High 

1 1 )  Low 

12)  Conradson  coking  capacity,  $,  not  above 

13)  Aah,  1,  not  above 

10  Tc  customer’s  requirements 
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15)  Sulfur,  %,  not  above 

16)  Same 

17)  Water,  %  by  volume,  not  above. 


TABLE  4.11 


Mazout  Specifications  Developed  by  Individual 
Companies  in  England  (I960) 


1 

r  2 

MesyTH  $epnu  «Pnjot<eHT» 

6  Miami  *HPMM 

«Kn$r  Oi.i  npeaa «•* 

Hokimtui 

3  1 

jierKBa 

ii 

^  cpea- 

kmB 

%HWO- 

nuf 

3 

aernr* 

H  epea- 

ul 

5tjhb*. 

aul 

7  IlaotHocii  npn  15®  C,  m/M* 

0,930- 

0,950 

0,950- 

0,970 

0,960- 

0,980 

0,930 

0,95* - 
0,980 

0290 

8  6h3koctl  yciOBHM  °By 

npa  50®  C . 

3,2 -4,2 

8.8- 

13,0 

31-42 

32— 

42 

8.8- 

13,0 

35,5- 

-422 

9  X®Mnep«iypa,  PC: 

1 0  BcnumKn  (d  3axpwTo« 

TniJie),  ®C,  HO  HHHO 

65,6 

65,6 

65,6 

74,0 

88, 0 

932 

1 1  aacTUBaBB/f,  °Ct  hb 

-,  _  Bume . 

J  Ton.ioTa  cropaunn  Bwcm»n, 

-17,8 

-U 

+10 

-1,0 

-1.0 

+10 

kma/hs,  He  MeHee  .  ,  . 

10  390 

10334 

10  279 

10390 

10  344 

10279 

18  3ojibuocTb,  %,  He  6oJiee 

0,01 

0,03 

0,05 

0,01 

025 

0.07 

l4  Cepa,  % . 

1,5- 

2,5 

2,0- 

2,5 

2,5- 

3,5 

2.5 

2.0- 

3,0 

22- 

32 

1 5  MexaimsecKHe  npaweca 

Ma  e.  %.  lie  fiojiee  .  . 

0.01 

0.03 

0,05 

0,01 

0,02 

023 

lo  Bom,  oSxcmh.  %,  He  Go-iee 

0.1 

0.1 

02 

0.1 

0,1 

02 

1) 

Index 

11) 

Pour  point,  °C,  not  above 

2) 

"Regent"  mazouts 

12) 

High  heat  of  combustion. 

3) 

Light 

kcal/kg,  net  below 

4) 

Medium 

13) 

Ash,  %,  not  above 

5) 

Heavy 

14) 

Sulfur,  % 

6) 

"Kift  [sic]  Oil  Products" 

15) 

Mechanical  impurities,  t 

mazouts 

by  mass,  not  above 

7) 

Density  at  15°C,  tons/ra* 

16) 

Water,  %  by  volume,  not 

8) 

Conventional  viscosity, 

°VC  at  50° C 

above . 

9) 

Temperatures.  °C 

10) 

Flash  point  (closed  cru¬ 
cible),  °C,  not  below 

is  recommended  for  nozzles  with  low  throughput  and  evaporation- 
type  nozzles. 

Tables  ** .  1 3  and  4.l4  give  the  specifications  for  mazouts  used 
in  Belgium  and  Japan. 
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TABLE  4.12 

West  German  Specification  DIN-51603  for 
Mazouts,  I960 


Hok  turns* 


Uujt 


•'eopr 

EL 


Copt  L 


Ccpr  U 


CopT  8 


4  n.ioTHocTh  npn  15®  C,  m/*',  a« 

Coses  . 

5  TennopaTypa  Bcnumxn  (■  is- 

KpuTou  rnrse),  °C,  Be  Hnwe 

6  BflsKocTb  KnaeMSTmecKM,  cent, 

/e  Cosee: 

npH  20*  C  ........ 

»  50*  C . 

Q  »  100®  c . 

0  BflSKocTt  ycsoBBM,  °3y,  bo 
J5o see: 

7  npn  20®  C . i 

*  50®  C . 

»  100* C  . 

9  Te.'mepaTypt  aacTUBOHnn,  ®C, 

He  oosee  .  .  . 

10  TensoTa  cropanna  (ht'thui) 
weayTa,  khua/xi.  Be  MeBee 

1 1  BS  He$T* . 

12  »  xaueuBoro  ■  Cyporo 

1  _  r™ . 

j-  j  Ilpaorpee 

1 4  nepea  TpaHcnoprnpoBKott 

18  nepea  omraBBex . 

2 1  neperoBB6TCB  ao  95% ,  npn  t«i- 
iiepaType,  *C,  ae  sums  .  .  . 
2  2  KoKcyesiocTb  no  Koapaacony, 

%,Be  Coses  .  . 

d  i  3osbHocrb,  %,  «e  oosee  .  .  , 
2  4  Cepa  a  MaayTe,  %,  ns  Oosee: 
II  H3  hciJitb . 

26  »  H*»teBHor''  yrs*  .  .  .  . 

27  »  Cyporo  yrs* . 

2  3  MeiairnaccKne  npaweca,  %,  ae 

Cose*  .....  . 

29  Boa*,  %.  ue  Cosae . 


0360 

55 

8 

~1.6 

-10 

10000 


i^ipe- 

Cyerca 


To 


370 

0.05 

0,01 

1.0 


0.05 

0.1 


55 


17 


-23 


-5 


9800 

9000 

16 

B  oraes>.-| 
BW 
csynaax 
To  we 


19 


2.0 

0,04 

1.8 

1.0 

2.5 

01 

03 


65 


38 


9600 

9000 


56 


450 

40 


—59 

53 


9^00 

9000 


OTaeSb* 
BUX 

csystsx 
B  OCHOB- 
BOM  Tpe- 

Cyerca 

17  _ 

10 

0.07 

3.2 

1.0 

13 

025 

03 


'B^ocbobboh 

TpeCyercB 

29p*Cyeroi 


15 

0,15 

u  25 

He  yiuui- 

BtSTCS 

13 


03 

03 


1)  Index 

2)  Mas out 

3)  Grade  EL 

4)  Density  at  15°C,  tons/m’, 
not  above 

5)  Plash  point  (in  closed 
crucible),  °C,  not  below 

6)  Kinematic  viscosity,  cSt, 
not  above 

7)  At 

8)  Conventional  viscosity, 
°VC,  not  above 

9)  Pour  point,  °C,  not  above 


10) 


11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 


Heat  of  combustion  (low) 
of  mazouc,  keal/kg,  not 
below 

From  petroleum 
From  coal  and  lignite 
Preheating 
Before  transport 
Not  required 
In  some  cases 
Usually  required 
Before  burning 
Same 

Required 


F 


j 

i 


21) 

95%  distilled  at  tempera¬ 

26) 

Prom  coal 

ture,  °C ,  not  above 

27) 

From  lignite 

22) 

Conradson  coking  capacity. 

28) 

Mechanical  impurities,  % 

% ,  not  above 

not  above 

23) 

Ash,  %t  not  above 

29) 

Water,  %t  not  above. 

24) 

Sulfur  in  mazout,  %,  not 

above 

25) 

Not  indicated 

TABLE  4.13 

Specification  NBN  5209b  cf  Belgian  Standardi¬ 
zation  Institute  (1959) 


2 

3 

Hunt 

^  IIOIMMTMl 

Tm- 

loln 

4 

JICIV 

KUi 

Hit 

6 

t nm+ 

ml 

i 

eWpi- 

TIUK*- 

aut 

B/i3Kocti>  KHHeTH'iecx&H,  can,  se  6mm: 

9  np*  20*  C  . 

9,7 

18,5 

130 

*  37,8*  C . 

5,7 

9,3 

48,9 

196 

981 

*  50°  C  . 

— 

— 

106 

418 

Bj:3KOCTf>  ycjioEHM;  "By,  Be  6o&m: 

9  npa  20,  0®  C  . 

1,8 

2,1 

1.8 

17,0 

— 

— . 

»  37,8®  2  . 

1,48 

6,5 

25,6 

129 

»  50,0®  C . 

Teitneptryp*,  ®C: 

12  BcnumxH  (b  sbkphtom  THrjie),  ae  mbbm 

— 

— 

14,0 

55 

55 

55 

ns 

i 

65 

65 

13  aacTHBasHB,  ae  bubn  . 

ITeperoHHeica  no  370®  C,  %,  xt  6mm  .  . 

-6 

0 

— 

— 

90 

-  , 

— 

— 

— 

C«pa,  %,  Be  6mm  . 

1,2 

2,0 

2.7 

3,8 

4 * 

Boa*  b  Hesaranecxae  npuneca,  %,  ae  6o- 

2.0 

IN . 

0,1 

0,5 

1,0 

] 

1.5 

10 


11 


1) 

Index 

11) 

Temperatures,  °C 

2) 

Gas  oil 

12) 

Flash  point  (closed  cru¬ 

3) 

Mazout 

cible),  not  below 

4) 

Light 

13) 

Pour  point,  not  above 

5) 

Medium 

14) 

Distilled  below  370°C,  t 

6) 

Heavy 

not  above 

7) 

Superheavy 

15) 

Sulfur,  1,  not  above 

8) 

Kinematic  viscosity,  cSt, 

16) 

Water  and  mechanical  im¬ 

not  above 

purities,  %,  not  above. 

9) 

At 

10) 

Conventional  viscosity, 

°VC,  not  above 
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TABLE  it. 

ISK  Specification  2205-58  for  Mazouts  as  Ap¬ 
plied  in  Japan 


1) 

2) 

3) 

4) 

5) 

6) 
7) 


1 

tloxuneu 

2 - 

c  Mutt  A 

2 

Mtrrr 

2  Kar>«C 

X 

n 

B 

I 

n 

zn 

IV 

Basxocn,  xnstKtTne- 

cxtff  npx  50°  C,  ten, 

•  4 

ae  Bfeuue  . 

20 

20 

20 

50- 

50- 

150- 

Bum 

* 

150 

150 

400 

400 

Bxsxom  ycjjoBHM,  6By„ 

20,25- 

H 

b«  Bunze . 

2,85 

2,95 

6,81 

6,81- 

6,81- 

Bum 

TeimepaTypt,  *C 

7  Bcninnwi  (a  saxpu- 

20,25 

20,25 

54,0 

54 

t 

tom  TBrae),  at 

0  Burnt  . 

O  saCTUBBHIUf,  Be  B H- 

60 

eo 

60 

70 

70 

70 

70 

ms  . 

5 

6 

10 

— 

— 

— 

KoKcyeMocTb  b  octstks, 

8 

%,  He  6oJiee . 

4 

4 

— 

— 

— 

— 

SojibHocTb,  %,  Be  Co.iee 

0,05 

0,05 

0,05 

0,1 

0,1 

0.1 

Cepa,  %,  He  6ojiee  .  . 
Boa  a  h  MexaBinecxae 

0,5 

2,0 

3.0 

1,5 

3,5 

npaxecsf,  % ,  ae  fionee 

0.3 

0,3 

0,4 

0,5 

0,5 

0.8 

2,0 

Index 

Mazout 

Kinematic  viscosity  at 
50° C,  cSt,  not  above 
Above 

Conventional  viscosity, 
°VC ,  not  above 
Temperatures,  °C 
Flash  point  (closed  cru¬ 
cible),  not  below 


8)  Pour  point,  not  above 

9)  Coking  capacity  in  resi 
due,  %f  not  above 

10)  Ash,  it,  not  above 

11)  -  Sulfur,  it,  not  above 

12)  Water  and  mechanical  Im¬ 
purities,  it,  not  above. 


4.  BASIC  PROPERTIES  OF  LIQUID  BOILER  FUELS 

The  quality  requirements  laid  down  for  boiler  fuels  are  de¬ 
termined  by  a  number  of  physicochemical  indices:  heat  of  combus¬ 
tion,  viscosity,  flash  and  pour  points,  mechanical-impurity  con¬ 
tent,  contents  of  ash,  sulfur,  water  and  gums.  These  indices  make 
it  possible  to  specify  fields  and  conditions  of  application  for 
the  various  fuel  grades. 

Heat  of  Combustion  and  Elementary  Composition 

The  neat  of  combustion  of  a  boiler  fuel  is  an  Important  index, 
one  on  which  the  rate  of  fuel  consumption  depends.  For  fuels  used 
on  seagoing  vessels,  a  high  heat  of  contou3tion  is  particularly  im¬ 
portant,  since  It  makes  it  possible  to  increase  the  range  of  the 
vessel  for  a  given  loaded  weight  of  fuel.  Heat  of  combustion  de¬ 
pends  on  fuel  elementary  composition.  The  high  heats  of  combustion 
of  liquid  fuels  are  explained  by  their  high  hydrogen  and  carbon 
contents  and  low  ash  contents.  Tne  oxygen  (0),  nitrogen  (N) ,  mois¬ 
ture  (W)  and  noncombustible  mineral  substances,  the  ash  (A),  that 
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enter  into  the  composition  of  the  fuel  represent  ballast. 


High  and  low  heats  of  combustion  are  distinguished.  In  deter¬ 
mining  the  high  heat  of  combustion,  the  amount  of  heat  liberated 
on  condensation  of  the  water  vapor  formed  on  combustion  of  the  hy¬ 
drogen  in  the  fuel  and  that  present  in  the  fuel  itself  is  counted 
in  addition  to  the  neat  liberated  on  combustion  of  the  fuel. 


The  heat  expended  on  the  formation  of  water  is  not  counted  in 
determining  the  low  heat  of  combustion. 

The  Mendeleyev  formula  is  used  most  commonly  in  determining 
heats  of  combustion. 


In  thermal  calculations,  boiler  fuels  are  characterized: 

a)  by  the  working  mass  of  fuel,  which  indicates  what  fuel  is 
going  into  the  firebox: 

Cp  +  Hp  +  Op-|-Np  +  Sp  +  Ap  +  Wp-100% 

b)  by  the  dry  (water-free)  mass  of  the  fuel' 

C»+ Hc  +  0*+ N®  +  S®  +  A*- 100% 

c)  by  the  combustible  mass  of  fuel,  which  represents  the  wa¬ 
ter-free  ^nd  ash-free  composition  of  the  fuel: 

cr+Hr+o,+Nr-t-s;~ioo% 


In  the  formula,  S1  is  volatile  combustible  sulfur. 

Thermal  calculations  for  boilers  are  usually  made  on  the 
basis  of  working  fuel  mass.  The  conversion  from  one  fuel  mass  to 
another  is  made  with  the  aid  of  the  multipliers  given  in  Table 
4.15. 

For  example,  if  we  know  Cg,  then  Cr  is  determined  by  the  formula 


100-\VP-AP 

100 


The  low  heat  of  combustion  of  a  fuel  (in  kcal/kg),  Q£,  is 
computed  by  the  formulas 


<>S-<?5-6(Wp  +  9Hp) 


-,w 


Table  4.16  lists  typical  characteristics  of  fleet  and  fire¬ 
box  mazout3  recommended  for  calculations  by  Norm  8-1-1685-54  and 
th?  standardized  methods. 


I 
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TABLE  4.15 

Auxiliary  Factors  for  Fuel-Compo3ition  Con¬ 
version 


A 

3aaai!Ha*  Nice*  to  twins* 

[  B  Hckoiim  moot  rotuuM 

C  paflowa 

D 

E  ropMta 

100 

100 

C  PaCkwa*  ........ 

1 

100- wp 

100-- Wp— Ap 

lOO-W5 

100 

J  cyxM . 

100 

1 

100— A* 

100-Wp-Ap 

V 

1 

8 

E  ropnu/i  . 

100 

100 

1 

A)  Given  fuel  mass  D)  Dry 

B)  Sought  fuel  mass  E)  Combust ible. 

C)  Working 


TABLE  4.16 

Composition  of  Working  Masses  of  Fleet  and 
Firebox  Mazouts  as  Recommended  for  Calcula¬ 
tions 


1 

2  COCTII,  % 

Hi 

| 

Sv 

>1 

fit 

4 

5 

vur 

C»> 

H 

SP 

OP 

NP 

AP 

■wp 

|o» 

I  o 

l!i 

QpnmHM 

6  (D.10T- 

o  CKJ,“ 

84,42 

11.47 

1 

0.7 

0,21 

0,15 

2.0 

9650 

7 

Ilo  aopum 
C-l-1685-54  [8] 

o  Manocep- 
imCTwii 

Tonoiauft 

85.3 

10  2 

■ 

0 

.7 

1 

0,3 

3.0 

9310 

10210 

Hopuaruauft 

9  m«i<W 

f)  Bucoko- 
repaa- 
ctuA 

TOnuaBiil 

83.4 

1 

10,0 

2,9 

0 

.4 

0,3 

3,0 

9S70 

10060 

19) 

1)  Mazout  2)  Composition,  % 

3)  Low  heat  of  combustion  kcal/kg 

4)  Heat  of  combustion  (in  bomb)  kcal/kg 

5)  Remarks  8)  Low-sulfur  firebox 

6)  Fleet  9)  Standardized  method 

7)  According  to  10)  High-sulfur  firebox. 

Norm  S-l-1685-54 

[8] 
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TABLE  4.17 


Average  Elementary  Compositions  of  Various 
Fuels 


1 

! 

2  S.ncMSHTapau#  cocraa,  1 

K 

Tocumo 

CP 

HP 

■ 

OP  +  NP 

WP 

AP 

3  Maayr  012  jia/iocepunctiju 

84,68 

12,05 

0,71 

1,59 

0,94 

0,03 

4  MaayT  012  cepiiHcrufi  .  . 

85,74 

11,10 

2,05 

0,92 

0.16 

0,03 

3  Mfl*yT  TonoqHNfl  cepBHcrui: 

6  Bylo«=20  . 

84,87 

11,18 

2,11 

131 

0,00 

0,03 

7  Mapxa  40 . 

85,15 

10,75 

2,00 

2,08 

0,00 

0,02 

8  HpercKMBs^n. . 

85,29 

11,58 

i 

1,16 

0,95 

0,99 

0,03 

1)  Fuel  5)  Sulfur-containing  firebox 

2)  Elementary  composition,  %  mazout 

3)  Low-sulfur  mazout  F12  6)  VC so  =  20 

4)  Sulfur-containing  mazout  7)  Grade  No.  40 

F12  8)  Yarega  petroleum. 


TABLE  4.18 


Elementary  Compositions  and  Heats  of  Combus¬ 
tion  of  Low-Viscosity  Mazouts  (according  to 
R.K .  Platonov  [5]) 


1  M«»jt 

2 

9^«neifr«paut  eocn»,  % 

Teufora 
crop  hum. 

c« 

H® 

:  ** 

A* 

N®  +  0® 

3 

wdu/nT 

CM2  MUiocepracraft . 

86,92 

12,09 

0,33 

0,07 

039 

9930 

020  uaJiooepHBcnift . 

87,10 

11,70 

0,50 

0,10 

0,60 

9870 

05  cepmiCTui  . 

85,85 

12,16 

1,69 

0,04 

0,26 

9920 

KpeKoar-MaayT  012.  cepancTMu 

8430 

11,18 

2,05 

036 

1,91 

9860 

AacTHjjHTHHS  aa  cJi&meaoi 

i 

CMoai . 

82,60 

10.16 

1 

035 

0,04 

6.65 

8810 

1) 

Mazout 

6) 

Sulfur-containing 

F5 

2) 

Elementary  composition,  % 

7) 

F12  cracking  mazouts,  i 

3) 

Heat  of  combustion  9^, 

taining  sulfur 

kcal/kg 

8) 

Distillate  mazout 

from 

4) 

Low-sulfur  F12 

shale  tar. 

5) 

Low-sulfur  F20 

-  :?46  - 


« 


\ 


9 


TABLE  4.19 

Elementary  Compositions  of  Firebox  Mazouts  [6] 


*1 

2  Qaeaerrapcwi  eoeiat. 

& 

±  COPT 

Cr 

Hr 

S* 

Or+Nf 

Ma?y» 

4  ByM~20 . 

87.2 

11.7 

03 

03 

40  7 . 

87,4 

113 

0.5 

0,9 

ByM-60 . 

87,6 

10,7 

0.7 

13 

100 . 

87.6 

103 

0.7-1 

1,0 

5  Ha.iocepnHCTuft . 

873 

10.7 

0.7 

03 

6  sucoKocepnacml  ..... 

84,0 

113 

3,5 

0,5 

i) 

Grade 

4) 

VC  so  *  20 

2) 

Elementary  compo¬ 

5) 

Low-sulfur 

sition,  % 

6) 

High-sulfur 

3) 

Mazout 

TABLE  4.20 

Elementary  Composition  and  Heats  of  Combus¬ 
tion  of  High-Viscosity  Cracking  Residues  [3] 


1 

UcxoaEoe 

CWpfcC 

2. 

BaaKOCTh 
ycaoiaaa, 
“By,  npa 

3 

iwot. 

HOCTfc 

It 

*4 

4 

BacMearapatil  coons. 

K 

3  Teuton  cropasas 

D 

D 

1 

Cr 

sr 

Of+Nf 

50*  C 

S0«C 

mu/a 

9  Tyfiita- 

2728.0 

119.1 

1.0580 

86,96 

933 

2,17 

1,04 

BS 

9967 

9436 

anHcxad 

73.0 

until 

86.45 

9,60 

2,19 

1.76 

|iXw 

9530 

1C  191 

M83yT 

440,0 

40.2 

■Emm 

87,15 

10,19 

EE 

0.96 

itiTit 

9515 

10382 

189.8 

22,3 

1,0039 

87,65 

■rati 

1.48 

0,47 

9683 

10283 

1C  Banna- 

881.5 

56,8 

trjvsn 

83.14 

9.66 

0,59 

0.61 

0,09 

Jf 

10194 

ckhS 

EIE 

43,5 

IkUS.I] 

87,67 

■OKI 

1,74 

USB 

Kl'TTFl 

uaayT 

I 

q  Tyfluia- 

37,2 

86.49 

S3 

1.19 

9551 

10431 

shucks! 

uaayr 

1 1  Byryju,- 

124.4 

16,5 

IKtIOl 

86  35 

EEJ 

2,38 

1.02 

USB 

10175 

9221 

10175 

mihcxu 

B^Tk 

The  elementary  compositions  of  boiler  fuels  have  come  to  vary 
markedly  as  a  result  of  more  exhaustive  refining  processes  and  the 
use  of  sulfur-containing  raw  material. 

The  higher  the  viscosity  and  density  of  the  mazout,  the  more 
carbon  will  it  contain,  because  of  the  smaller  hydrogen  content. 

In  viscous  mazouts,  the  contents  of  sulfur,  oxygen  and  nitrogen 
are  higher.  Viscous  cracking  mazouts  contain  from  87.0  to  88. 5% 
carbon  and  from  10.5  to  11.556  hydrogen.  Low-viscosity  mazouts  con¬ 
tain  from  83.5  to  85.5$  carbon  and  11.4  to  12. 2%  hydrogen.  The 
sulfur  contents  may  reach  1%  in  viscous  cracking  mazouts  from  non- 
sulfuric  petroleums  and  3.5%  in  sulfur-containing  mazouts. 

The  average  elementary  compositions  and  heats  of  combustion 
of  mazouts  and  cracking  residues  are  listed  in  Tables  4.17-4.20. 

The  heat  of  combustion  of  the  combustible  mass  of  a  viscous 
cracking  residue  is  2.0-3.5S&  lower  than  those  of  straight-run  ma¬ 
zouts.  The  difference  between  the  heats  of  combustion  of  low-sul¬ 
fur  and  normal-sulfur  mazouts  of  the  same  grade  ranges  up  to  2.0% 
(Table  4.21). 

Under  field  conditions,  an  empirical  relation  linking  heat  of 
combustion  with  fuel  density  can  be  used  for  orientational  calcu¬ 
lations: 

C»*  124.00—2100^ 
or 

<?„=■<?»  -50.45 

where  p  is  the  density  at  15°C. 

The  hydrogen  content  in  the  fuel  (in  %)  can  also  be  deter¬ 
mined  on  the  basis  of  the  15°C  density: 

H  =  26— 15q 

Figure  4.1  shows  the  high  and  low  heats  of  combustion  as 
functions  of  density  [10]. 

The  working  heat  of  combustion  of  a  fuel  containing  water 
(watered  fuel)  can  be  calculated  by  the  formula 

0p«fl.  o«i. «  Q,  -0,01  Qtt  •  W  -5£S  w 

where  W  is  the  water  content  in  the  fuel  in  %. 


The  heat  of  combustion  can  be  computed  approximately  by  the 
formula 

0p»fl.  “  Q*  ~  100  w 

Table  4.22  shows  the  decrease  in  the  heat  of  combustion  of  a 
mazout  as  a  function  of  the  degree  to  which  it  is  watered  [5]. 
Figure  4.2  13  convenient  for  quick  orientational  determination  of 
the  heat  of  combustion  of  a  watered  fuel.  Operating  personnel  are 
essentially  Interested  in  the  heat  of  combustion  calculated  per 
unit  volume  (volumetric  heat  of  combustion): 
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TABLE  4.22 

Decrease  in  Heat  of  Combustion  of  Mazout  as 
a  Function  of  Watering  [5] 


A 

* 

§ 

« 

l 

BnSS27m  ’ 

KK&A/rU 

E 

a 

i 

i 

V 

§ 

! 

F 

a 

-N. 

1 

ft  as 
<y 

1  (}|  A 

V  1  * 

1 J  • 

M  b 

^  1  3 

£5  * 

Is  1 
§  5  J  3 

Bnorepi  Q, 

wtaA/nt 

E 

! 

1 

l 

F 

1 

i 

ft* 

O' 

G 

1 

9 

s 

1  * 
e  a 

n 

§  i 

C 

* 

s 

ip 

lift 

c 

£ 

6 

I5 

I| 

IS 

si 

s 

1C 

0 

626 

626 

9839 

6  |  10 

1050' 

686 

1736 

8729 

1M 

1 

105 

632 

737 

9728 

7  B  15 

1575 

716 

2291 

8174 

21,9 

2 

210 

638 

848 

9617 

8,1  20 

2100 

746 

2846 

7619 

Z12 

3 

315 

644 

959 

9606 

9,1  25 

2625 

776 

3401 

7064 

32* 

5 

525 

656 

1181 

9286 

11,3  30 

3150 

1 

800 

3950 

6515 

37,7 

A)  Water  content,  % 

B)  Loss  of  Q,  kcal/kg 

C)  Due  to  water  impurity 

D)  From  evacuation  of  formed  water  in  vapor¬ 
ized  state 

E)  Sum  of  losses,  kcal/kg 

F)  kcal/kg 

G)  Losses  (figured  from  Q A  =  10,465),  %. 


The  volumetric  heats  of  combustion  of  cracking  mazouts  are 
usually  larger  than  those  of  straight-run  mazouts. 

For  comparing  fuels  and  solving  substitution  problems,  as 
well  as  for  establishing  norms  for  consumption  and  requirement 
planning,  a  conventional  unit  heat  of  combustion  equal  to  7000 
kcal/kg  has  been  introduced.  A  fuel  with  a  working-mass  heat  of 
combustion  of  7000  kcal/kg  is  known  as  a  conventional  fuel. 

Fuels  are  compared  on  the  basis  of  fuel  calorie  equivalent, 
which  is  determined  by  the  formula 

3k*1-  Qw  7000 

The  calorie  equivalent  for  mazout  is  1.4. 

To  evaluate  mazouts  as  fuels,  thermal-engineering  character¬ 
istics  calculated  by  the  formulas  given  in  Table  4.23  are  em¬ 
ployed.  The  thermal-engineering  characteristics  of  mazouts  and 
tars  calculated  by  these  formulas  are  given  in  Tables  4.24-4.26. 
Table  4.27  shows  the  theoretical  volumes  of  air  and  mazout  com¬ 
bustion  products  that  are  recommended  for  calculations. 
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TABLE  4.23 

Formulas  for  Figuring  Thermal -Engl nee ring 
Characteristics  of  Fuel 


1 


TeonoTCXHBiecKie  upaitTepxcniui 


2 

Oopuyxu 


3  p— xapaKTepncmx*  toiubbs 


5  Lg— leopeTnietKn  HeoSxoAHUoe  xo- 

jiuiecTBo  Boaayxa  aa  i  x«  ro- 
c  pioxefi  uaccu  Tonaasa,  Kt/itt 

0  ROj  — MJKCHMa.ibao*  ccAepmaxae 

npojyKTOB  noaaoro  cropaau 
C  a  S  b  aumgbux  raaax  (CO,+ 
+SO,=  RO,),  % 


7  MaxcitMaabHoe  coAepiKSHae  SO,  b  ey- 
xnx  aumobux  raaax,  % 


8  Vg0|— o6ieu  SO,  aa  1  n  ropxnet 
uaCCU  TOBJIBBA,  mj»*/x# 

10  Fjj.-o6T.eu  cyxnx  rnaoB  aa  1  x* 

ropxrafi  uaccu  TooJiXBa,  ***/*• 

11  Vjn— o6beu  boahhux  napoa  b  npo* 

Aymrax  ropeaiw  1  xa  ropaoxei 
uaccu  TODJiaBa,  hjk'/xx 
12vJjjP— o6t«m  bjiukhux  raaos  aa  1  xa 
ropioxeil  uaccu  todjihbx,  *j**/x* 
1 3  Pgo  —  napuna.ibBoe  Aa&ueHne  SO,, 
xr/ejx» 

14  pH|0  — napuna.TbHoe  AaB.ioHne  boax- 

noro  napa,  kT/cm* 

1 5  *rop.  —  TeopeiBxecxaa  TeuuepaTypa  ro- 

peiraa,  »C 


P  *  2,37  •  — +0,005 
4  W  Kr~  0,3685  SJ+C'* 

i;*0,115Cr+0,344Hf-F 
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vr 

w  mat* 


Tr 

‘  rop. 


V'rr'cr  +  Vl, 


Note,  a  and  o„  are  the  heat  capacities 
sg  vp 

per  unit  volume  of  the  dry  gases  and  water 
vapor  in  kcal/(m,(NTP) -deg) . 

1)  Thermal-engineering  characteristics 

2)  Formulas 

3)  B  -  fuel  characteristic 

4)  Where 

5)  Zif  -  the  theoretically  necessary  quantity  of  air  for  1  kg  of 
fuel  combustible  mass,  kg/kg 

6)  ROj  -  the  maximum  content  of  products  of  complete  combustion 
of  C  and  S  In  the  smoke  gases  . .  . 

7)  Maximum  SOi  content  in  dry  smoke  gases,  l 

8)  V'gQ  -  volume  of  SOi  to  1  kg  of  fuel  combustible  mass, 
m’(NTP)/kg 
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9)  m3 (NTP)/kg 

10)  -  volume  of  dry  gases  to  1  kg  of  fuel  combustible  mass, 
m3  (NTP)/kg 

11)  —  volume  of  water  vapor  in  combustion  products  of  1  kg 
of  fuel  combustible  mas3,  m3(NTP)/kg 

12)  ~  volume  of  moist  gases  to  1  kg  of  fuel  combustible 
mass,  m3(NTP)/kg 

13)  ps q2  -  partial  pressure  of  S02,  kg/ cm2 

14)  Pjj2q  ~  partial  pressure  of  water  vapor,  kg/cm2 

15)  ^gor  ”  theoretical  combustion  temperature,  °C. 


TABLE  4.24 

Thermal-Engineering  Characteristics  of  Sulfur-Containing  and  Low- 
Sulfur  Mazouts  [14] 
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17.9 
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13,91  10.76 
13,79  10,69 
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0.2C  0.02CS 
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1405  11,02  15^5  0,03  0,0029 
14.03  10.U  1M  0j04  OjOM7 
13,73  10,63  <M|  0,06  0.0049 


Mazout 

Elementary  composition  converted  to  combustible  mass,  % 

Fuel  characteristic  P 

Coefficient 

Theoretically  necessary  amount  of  air 
kg/kg 

m*(NTP)/kg 

Content  in  smoke  gases,  % 

Volume  of  combustion  products  at  the  retical  air  excess 
ii*3(NTP)/kg 

Partial  pressure,  kg/cm* 

Theoretical  combustion  temperature 
High-sulfur  mazout,  50°C  viscosity  In  °VC  of 
Low-sulfur  mazout,  50°C  viscosity  (°VC)  of. 


TABLE  4.25 

Elementary  Compositions  and  Thermal-Engineering  Characteristics 
of  Mazout-Substitute  Tars  [6] 
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1)  Tar 

2)  Method  of  extraction 

3)  Density  at  20°C,  "/cm* 

4)  Conventional  viscosity  at 
50°C,  °VC  ' 

5)  Elementary  composition,  % 

6)  Combustible  mass 

7)  Ballast 

6)  Heat  of  combustion  QK, 
kcal/kg 

9)  Coefficient  ... 

10)  Fuel  characteristic  6 

11)  Theoretically  necessary 

quantity  of  air  if,  kg/kg 

12)  Maximum  content  R0?ak3  in 

dry  gases,  %  . 

13)  Volume  of  dry  gases 

at  a  -  1,  m* (NTP)/kg 


14)  Volume  of  water  vapor  in 
combustion  products, 

at  a  *  1,  m*(KTP)/kg 

15)  Theoretical  combustion 
temperature  . . . 

16)  Coal 

17)  Coking 

18)  Approximately 

19)  Lignite 

20)  Gasification 

21)  Semi coking 

22)  Peat 

23)  Shale 

24)  Tunnel 

25)  Wood 

26)  Dry  distillation. 


TABLE  4.26 

Thermal-Engineering  Characteristics  of  Com¬ 
mercial  Firebox  Mazouts  [6] 
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13,80 
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1)  Mazout 

2)  Coefficient  ... 

3)  Fuel  characteristic  6 

4)  Theoretically  necessary 

amount  of  air  ,  kg/kg 

5)  Maximum  content  of  com¬ 
bustion  products  in  dry 

gases,  R0?aks,  % 

6)  Volume  of  dry  gases 

at  a  «  1,  rn3  (NTP)/kg 


7)  Volume  of  water  vapor  in 

m4  y* 

combustion  products, 

at  a  *  1,  m3 (NTP)/kg 

8)  Theoretical  combustion 

temperature  !Tg _  at  o  =  1 

oc  gor 

9)  Mazout 

10)  20,  AUSS  1501-57 

11)  Low-sulfur 

12)  High-sulfur. 


TABLE  4.27 

Theoretical  Volumes  of  Air  and  Mazout  Com¬ 
bustion  Products  [9] 
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•Volumes:  7°  -  air;  7RQj  -  triatomic  gases; 
7^  -  nitrogen;  -  water  vapor;  7*  - 

gases . 

1)  Mazout  3)  Low-sulfur 

2)  Volumes,  m*(NTP)/  4)  High-sulfur. 

/kg* 
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Heat  Capacity  and  Thermal  Conductivity 

In  solving  problems  of  fuel  preheating,  and  especially  in  de¬ 
termining  the  heating  area  of  the  coils  and  the  amount  of  heat  ex¬ 
pended  on  preheating,  it  is  necessary  to  know  the  heat  capacity 
and  thermal  conductivity  of  the  fuels. 

The  formulas  given  in  Table  4.28  are  recommended  for  deter¬ 
mination  of  residual-fuel  heat  capacities  [11,  12,  13]. 

Table  4.28  indicates  the  deviations  of  the  calculated  values 
from  experimental  data  for  determination  of  the  heat  capacities  of 
mazouts  and  cracking  residues.  These  heat  capacities  are  listed  in 
Table  4.3. 

Better  agreement  between  calculation  and  experiment  is  ob¬ 
tained  with  the  Kragoye  formula  (error  below  2.55).  According  to 
literature  data  [12],  the  error  ranges  up  to  5.95  at  temperatures 
to  260°C  when  the  Kragoye  formula  is  used. 


Fig.  4.3.  Heat  capacities  of  mazouts  and  cracking  residues  as 
functions  of  temperature:  1)  mazout,  pl°  »  0.904;  2)  mazout. 
p$6  ■  0.914;  3)  mazout,  p?°  *  0.931;  4)  cracking  residue,  pi*  • 
=  1.009;  5)  cracking  residue,  p|°  ■  1.044.  A)  Heat  capacity, 
kcal/(kg’deg) ;  B)  temperature,  °C. 


TABLE  4.28 


Formulas  for  Heat  Capacity 
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A)  Formula 

3)  For  petroleum  products 
with  density  p] 1  of 

C)  Temperature  range,  °C 

D)  Disagreement  between  cal¬ 
culated  and  empirical 
data,  %  131 

E)  To 

F)  20  to  100°C  for  firebox 
mazouts;  from  60  to  120°C 
for  cracking  residues 


G)  For  cracking  residues 

H)  For  mazouts 

1.  Fortsch  and  Whitman 

2.  K.S.  Kragoye 

3.  VTI. 


Fig.  4.4.  Thermal-conductivity  coefficient  as  a  function  of  tem¬ 
perature:  1)  Baku  semiasphalt  from  asphalt,  pl5  =  0.959  g/cms, 
VCioo  *  16  (experiments  of  N.B.  Vargaftik);  2)  high-viscosity 
cracking  residues;  3)  straight-run  Krasnovodsk  mazout,  p2o  *»  0,505 
g/cm  ,  VC®0  *  3-9  (experiments  of  Z.I.  Geller) ;  4)  cracking  mazout 
from  Groznyy  refinery,  pi5  =  0.973  g/cm3,  VC50  =31.4  (experiments 
of  N.B.  Vargaftik);  5)  mazout,  pi5  »  0.906  g/cm3,  VC  so  ■  4.94  (ex¬ 
periments  of  N.B.  Vargaftik).  A)  Coefficient  of  thermal  conductiv¬ 
ity,  kcal/(m*h*deg) ;  B)  temperature,  °C. 


TABLE  4.29 

Thermal  Conductivity  Coefficients  of  Mazout3 
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1)  Mazout 

2)  Thermal  conductivity  coefficient  in  kcal/ 
/(m*h»deg)  at  temperature  of 

3)  Straight-run,  VCj®  ■  4.94 

4)  Cracking  muzouts,  VC*®  ■  31.39  and  VC«#  * 

»  60.8. 


For  practical  calculations,  a  heat  capacity  of  0.45  co  0.49 
kcal/(kg*deg)  is  taken  in  the  range  from  0  to  100°C  for  mazouts, 
and  0.5-0.56  kcal/(kg* deg)  for  tars  [6], 

Table  4.29  gives  thermal  conductivities  of  mazouts  [11,  14] 
(coefficient  of  thermal  conductivity  a)  in  the  range  from  30  to 
T0°C.  It  is  recommended  that  the  thermal  conductivity  coefficient 
given  in  the  table  for  a  mazout  with  VCso  =  4.94  be  taken  for  No. 
20  mazouts,  and  that  for  mazouts  with  VCso  =  31*39  and  60.8  for 
Nos.  40  and  100,  respectively  [9],  For  approximate  calculations  of 
tar  thermal  conductivities,  it  is  recommended  [6]  that  X  be  taken 
eaual  to  0.1  kcal/ (m*h*deg)  for  light  tars  and  up  to  0.15  kcal/ 
/(m*h*deg)  for  heavy  tars.  T*.  harmal  conductivities  of  nigh- 
viscosity  [3l  cracking  residues  arc  given  in  Fig.  4.4. 

The  thermal  conductivity  coefficient  can  be  determined  from 
an  empirical  formula  with  accuracy  sufficient  for  practical  pur¬ 
poses  : 

A  =  (1  —  0,00054 1) 

0 

where  p  is  the  density  of  the  petroleum  products  at  15°C,  g/cms; 

t  is  the  temperature  in  °C  at  which  the  heat  capacity  is  de¬ 
termined. 

The  error  of  the  determination  is  ±10%  for  temperatures  from 
0  to  200°C. 

Viscosities  of  Liquid  Boiler  Fuels 

Viscosity  is  an  important  property  of  mazouts,  one  that  de¬ 
termines  the  possibility  and  conditions  of  their  application; 
drainage  from  railroad  tank  cars,  tankers  and  barges;  transport 
via  pipelines;  atomization  by  nozzles. 


Fig.  4.5,  Viscosities  of  mazouts  as  functions  of  temperature:  1, 
2,  3)  firebox  mazouts,  Nos.  200,  100,  and  40,  respectively;  , 

6)  firebox  mazouts  with  VCso  ■  80,  VCso  *  60,  and  VCso  *  20,  re- 
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spectlvely;  7)  shale  mazouts;  P,  9)  fleet  rnazouts  F12  and  F5,  re¬ 
spectively.  A)  Conventional  viscosity,  °VC;  B)  temperature,  °C. 


\ 


D  T?Mnepamypat  °C 

Fig.  4.6.  Viscosity  of  cracking  residues  and  mazouts  as  a  function 
of  temperature:  1,  3,  4,  5,  6,  11)  Tuymazy  mazouts  with  20°C  den¬ 
sities  of,  respectively,  1.058,  1.044,  1.044,  1.036,  1.034,  ].031, 
1.004;  2,  7,  8,  9,  10)  Baku  mazouts  with  20°C  densities  of,  re¬ 
spectively,  1.046,  1.026,  1.022,  1.006,  1.005;  12)  Bugul'ma  petro¬ 
leum  with  density  of  1.0  at  20°C;  13,  14,  15,  16,  17)  firebox  ma¬ 
zouts,  Nos.  100,  80,  60,  40,  and  20,  respectively.  A)  Viscosity; 

3)  cSt ;  C)  °VC;  D)  temperature,  °C. 


The  conventional  viscosities  of  mazouts  have  been  adopted  as 
the  basic  index  for  grading  them.  It  is  measured  with  a  special 
viscosimeter  and  the  viscosity  value  is  expressed  in  conventional 
degrees  (VC),  which  correspond  to  Engler  degrees  (E°). 

The  viscosities  of  mazouts  at  the  temperatures  indicated  in 
the  AUSS’s  cannot  be  used  in  drawing  Inferences  as  to  their  vis¬ 
cosity-temperature  characteristics,  since  viscosity  depends  on 
temperature  (Fig.  4.5).  At  high  temperatures  (70-100°C),  a  change 
in  temperature  has  little  influence  on  viscosity,  while  at  tem¬ 
peratures  from  50°C  down,  even  minor  temperature  fluctuations  may 
affect  it  strongly. 
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The  dependence  of  the  viscosities  of  mazouts  on  temperature 
is  expressed  in  an  alignment  chart  with  the  coordinate  grid  pro¬ 
posed  by  the  ASTM.  The  straight  lines,  which  characterize  the 
change  in  viscosity  with  temperature  for  various  grades  of  firebox 
mazouts  in  this  coordinate  grid,  have  almost  identical  slopes  at 
above-zero  temperatures,  and  may  in  first  approximation  be  re¬ 
garded  as  parallel  [15]. 

Figure  4.6  shows  the  viscosities  of  cracv±r,g  residues  and 
firebox  mazouts  as  functions  of  temperature ,  and  Fig.  4.7  the  *43- 
oosity-temperature  relation  for  tars. 

The  heavier  and  more  tarry  the  mazout,  the  higher  the  abso¬ 
lute  value  of  its  viscosity.  However,  in  the  low-temperature  re¬ 
gion  (down  from  +50°C),  the  viscosities  of  mazouts  depend  on  many 
factors:  raw-material  quality,  method  of  extraction,  paraffin  and 
gum  content. 

Mazouts  having  practically  identical  viscosities  at  tempera¬ 
tures  of  50° C  and  up  and  obtained  from  different  petroleums  or  by 
different  methods  show  different  changes  in  viscosity  as  the  tem¬ 
perature  drops  (Fig.  4.3).  Straight-run  paraffin-free  mazouts  from 
nonsulfurous  raw  material  have  a  comparatively  shallow  viscosity- 
temperature  curve  down  to  0°C,  and  even  at  temperatures  below  0°C, 
their  viscosities  do  not  rise  very  sharply.  Having  low  pour  points 
at  the  same  time,  they  can  be  transported  and  pumped  relatively 
easily  at  temperatures  around  0°C.  The  viscosities  of  paraffin- 
free  cracking  mazouts  increase  more  rapidly  with  declining  tem¬ 
perature  than  those  of  straight-run  mazouts .  However,  even  crack¬ 
ing  mazouts  usually  retain  mobility  at  temperatures  near  the  pour 
point.  As  the  viscosity  increases  with  falling  temperature,  the 
limiting  shear  stress  of  paraffin-base  mazouts  rises  sharply  [51] 
as  a  result  of  crystallization  of  the  high-melting,  chiefly  paraf¬ 
finic  hydrocarbons  that  they  contain.  Drainage  and  pump  transfer 
of  paraffin-base  mazouts  are  possible  only  after  they  have  been 
warmed  to  a  temperature  above  the  pour  point. 

Mazouts  from  sulfurous  petroleums  contain  substantial  quanti¬ 
ties  of  paraffins  and  asphalt-tar  substances  (Table  4.30),  and 
thus  as  the  temperature  falls,  they  not  only  show  increased  vis¬ 
cosity,  but  also  lose  mobility  (fluidity)  at  temperatures  higher 
than  the  pour  points  determined  by  the  standard  method. 

From  10°C  on  down,  the  viscosities  of  sulfurous  mazouts  are 
many  times  those  of  mazouts  that  do  not  contain  sulfur.  At  these 
temperatures,  the  nature  of  viscosity  is  also  important  for  sul¬ 
fur-containing  mazouts.  Table  4.30  shows  two  mazout  viscosity  val¬ 
ues  -  the  structural  and  residual  viscosities,  which  correspond  to 
undisturbed  (maximum)  and  disturbed  (minimum)  structures. 

in  straight-run  sulfur-containing  and  in  cracking  mazouts 
(Fig.  4.9),  the  ratio  of  maximum  to  minimum  viscosity  reaches  5-7 
even  at  0°C,  and  it  is  even  larger  at  -10°C,  while  the  same  ratio 
does  not  exceed  1.4-1. 6  for  low-sulfur  mazout.  The  viscosity  in¬ 
crease  associated  with  formation  of  structure  g.reatly  impedes 
pumping  at  low  temperature.  At  temperatures  down  from  20°C,  sul¬ 
fur-containing  cracking  mazout  pumps  considerably  more  poorly  than 
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Pig.  4.7.  Viscosity  of  tars  as  a 
function  of  temperature:  1)  gas- 
generator  tar  from  Chelyabinsk  lig¬ 
nites;  2,  3,  4,  5)  peat  generator 
tars;  6)  coal  tar;  7)  mazout, 

VCso  =60.  A)  Conventional  viscos¬ 
ity,  °VC;  B)  temperature,  °C. 


Pig.  4.8.  Viscosity-temperature  curves  of  straight-run  and  crack¬ 
ing  mazouts:  1)  straight-run  P12  fleet  mazout;  2)  F12  sulfur-con¬ 
taining  cracking  mazout;  3,  4)  straight-run  F5  fleet  mazout;  5) 
sulfur-containing  cracking  mazout  with  VC55  =  20;  6)  straight-run 
No.  40  sulfur-containing  mazout.  A)  Conventional  viscosity,  °VC; 
B)  temperature,  °C. 


TABLE  A. 30 

Viscosity-Tenperature  Characteristics  of  Mazouts 


1) 

Mazouts 

8) 

Maximum 

2) 

Paraffins,  determined  by 

9) 

Minimum 

3) 

Zalozetskiy-Goland  method, 

% 

10) 

Straight-run  low-sulfur 
F12 

4) 

Adsorption  on  charcoal,  % 

11) 

Sulfur-containing  F12 

5) 

Tars ,  % 

cracking  mazout 

6) 

Asphaltenes,  % 

12) 

Straight-run  F5  sulfur- 

7) 

Conventional  viscosity 
(°Vc)  at  temperature  of 

containing  mazout. 

Fig.  4.9.  Viscosity  curves  of  low-sulfur  and  sulfur-containing  ma- 
zouts  at  low  temperatures:  1)  straight-run  F12  fleet  mazout, 

VCio  *  12  (from  low-sulfur  petroleums);  2)  straight-run  fleet  ma¬ 
zout,  VC«#  -  4,38  (from  sulfur-containing  petroleum),  nmal<s  *  1465 

(at  -10°C);  3)  cracking  mazout,  YCjo  ■  12  (from  sulfur-containing 

petroleum),  ri  ■  3813  (at  -10°C) ;  -  viscosity  with  undis- 

maKs 

turbed  structure;  -  viscosity  with  disturbed  structure.  A)  Vis¬ 

cosity,  poises;  B)  temperature,  °C. 


5  10  IS  20 

B  Tennepamypa,  °C 

Fig.  4.10.  Pumpability  of  mazouts  as  a  function  of  temperature  on 
laboratory  apparatus:  1)  straight-run  F12  mazout,  VC50  *  11.4;  2) 
straight-run  sulfur-containing  P5  mazout,  VC  so  ■  4.48;  3)  sulfur- 
containing  F12  cracking  mazout,  VC so  =  12.  A)  Cutout,  g/min;  B) 
temperature,  °C. 


TABLE  4.31 

Cooling  of  Petroleum  Products  as  a  Function 
of  Time  en  route  and  Loading  Temperature  [16] 


A 


B 


TeimepaTypa  upojxyKTOi  (#  °C>  cpB  Bpo^crc  weataROAopomma 
QQCTCpH,  C7TKR 


TcMneparypt 

He<fcTcnpo- 

8 

I 

AYKTOB 

□pH 

°c 

Q  *  np«  TeMncpatypc  Boaayxa  bo  bpcmh  nepesoem 

-10#C 

-20°  C 

-I0»C 

—20*  C 

40 

7 

8 

it 

13 

50 

8 

10 

13 

15 

60 

10 

11 

15 

18 

70 

It 

13 

18 

20 

80 

\  __ 

13 

14 

20 

22 

A)  Temperature  of  petroleum  products  at  load¬ 


ing,  °C 

B)  Temperature  of  products  (in  °C)  after-  .  . 


days  in  railroad  tank  cars 
C)  And  air  temperature  during  shipment. 
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< 


1  25  <25  225  S2S 

B  npofot  uucmtpnin,  v 


Pig.  4.11.  Decrease  in  temperature  of  Nos. 

40  and  80  mazouts  during  shipment  in  ordi¬ 
nary  and  thermos  tar.k  cars  [52] j  thermos 
cars:  1)  No.  80  mazout;  2)  No.  40  mazout; 
ordinary  tank  cars:  3)  No.  80  mazout;  4)  No, 
40  mazout.  A)  Mazout  temperature,  °C;  B) 
time  in  moving  cars,  hours. 


TABLE  4.32 

Viscosities  of  Various  Mazout  Grades  at  Low 
Temperatures 


A  „ 

B  BfliKOcn  (»  nt)  up*  TMawpaTyptt 

Mltyt 

75®  C 

50®  C 

0®C 

-I0®C 

-10®  C 

C  ManocepHHcrwH  iJuiotckhH  012  .  .  . 

0.351 

1,077 

72,4 

320 

54  723 

DCepHHCTbifl  40 . 

0,448 

1,732 

326 

2320 

2260000 

E  CJiaaqeBiii  . 

0,377 

1,076 

404 

3730 

4*15000 

A)  Mazout  C)  ?12  low-sulfur 

B)  Viscosity  (in  fleet 

poises)  at  tern-  D)  No.  40  sulfur-con- 

perature  of  taining 

E)  Shale. 


a  low-sulfur  mazout  having  the  same  viscosity  as  the  cracking  ma¬ 
zout  at  50°C  (Pig.  4.10). 

During  the  winter,  mazout  in  railroad  tank  cars,  above-ground 
mazout  pipelines  without  heat  insulation,  and  above-ground  storage 
tanks  may  acquire  a  rather  low  temperature.  Table  4.31  presents 
data  on  the  temperature  decrease  of  petroleum  products  during 
shipment  in  railroad  tank  cars,  and  Pig.  4.11  presents  curves  of 
the  temperature  fall  for  Nos.  40  and  80  mazouts  (AUSS  1501-57) 
during  winter  shipment  [52]  in  four-axle  railroad  tank  cars  un¬ 
loaded  at  temperatures  of  60  and  7.0 °0.  At  low  temperatures,  ma¬ 
zouts  show  quite  high  viscosities  (Table  4.32),  and  they  can  be 
drained  from  tank  cars  only  after  warming  to  the  following  tem¬ 
peratures  (In  °C) : 

Fleet  mazout: 

F12 .  20 

20 .  30 

Firebox  mazout: 

20. .  30 

40 .  40 
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60-80 .  50-60 

Mazout  from  paraffin-base  petroleums,  40  and  higher  [11] 


Pig.  4.12.  Theoretical  dependence  of 
average  drop  diameter  on  viscosity^ 

A)  Average  drojD  diameter,  ym;  B)  vis¬ 
cosity,  kg*s/rrr. 


TABLE  4.33 

Permissible  Mazout  Viscosities  for  Transfer 
by  Pumps  of  Various  Types  and  Required  Pre- 
Heating  Temperatures 


A 

Tun  Hacoca 

B 

ripeaentHafl 
BH3KOCTb  |15) 

r 

TpcGyewue  Tewnep&Typn  (»  °C) 
DOAorpefia  nasyioa  xapOK) 

°By /ccm 

2<) 

40 

60 

SO 

100 

200 

<X>12 

Of 

D  DBBTOBue  n  rae- 

CTcpeOTdTue 

E 

200/1500  (HH>Ke 

10°  BY  ciuDKaioT 
npon.'BOAnTejo- 
Hocn.) 

30/ — 225 

20 

28 

35 

38 

42 

50 

15 

12 

F  qeinpoooKHMe 

OpOB3BOABT6JIfc- 

BOCTWO  30— 

40  m/n 

45 

55 

62 

65 

68 

78 

35 

22 

G  CKa.iLqarue  n  nop* 
nnioBUe 

i 

H  75/550  (MoryT 
□epeKaHBsaTb 
Ma3YTW  BH3K0CTL10 

uo  150°  BY) 

30 

42 

t 

48 

52 

| 

55 

62 

25 

18 

A) 

Pump  type 

F) 

Centrifugal  pumps  rated  at 

B) 

Maximum  viscosity  [15], 

30-40  tons/h 

°VC/cSt 

G) 

Plunger  and  piston  types 

C) 

Required  heating  tempera¬ 

H) 

75/550  (mazouts  with  vis¬ 

ture  ( °C)  for  mazouts  of 

cosities  up  to  150°VC  can 

grades  No. 

be  transferred). 

D) 

Screw  and  gear 

E) 

200/1500  (output  drops  at 
viscosities  below  10°VC) 

SO  70  SO  90  700  TV  GO  Off 
C  Ttnnepamypa,  V 

Fig.  4.13.  VTI  alignment,  chart  for  determination  of  mazout  viscos¬ 
ity  and  temperature  necessary  for  normal  performance  of  various 
nozzles  and  pumps.  Maximum  mazout  viscosities:  1)  for  screw  and 
gear  pumps;  2)  for  piston  and  plunger  pumps;  3)  for  centrifugal 
pumps  rated  at  20-40  tons/h;  4)  for  steam  nozzles;  5)  for  fan- 
type  air  nozzles;  6)  for  compressor  air  nozzles;  7)  maximum  mazout 
viscosity  for  mechanical  nozzles  and  recommended  viscosity  for 
steam  nozzles;  recommended  mazout  viscosity;  8)  for  fan  and  com¬ 
pressor  air  nozzles;  9)  for  mechanical  nozzles.  A)  Kinematic  vis¬ 
cosity,  cSt;  B)  conventional  viscosity,  °VC ;  C)  temperature,  °C. 


It  is  also  necessary  to  warm  mazout  to  pump  it  through  pipe¬ 
lines,  since  pump  output  declines  with  increasing  viscosity  of  the 
mazouts;  the  efficiencies  of  centrifugal  pumps  fall  at  the  same 
time . 

The  decrease  in  cent ri fugal -pump  economy  with  increasing  fuel 
viscosity  can  be  appreciated  from  the  Baklanov  formula  [15]: 


where  n 


<o.W+%j' 


.  is  the  efficiency  of  the 
viscous  liquid,  t\ 


centrifugal  pump  for  punping  a 


nv  is  the  pump  efficiency  In  pumping  water,  I; 

>  ^  is  the  kinematic  viscosity,  cm*/s; 

m  is  an  exponent;  n  ■  0.6  for  a  pump  with  an  Inlet  pipe 
100  mm  In  diameter. 
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Gear  and  screw  pumps  have  stable  efficiencies  and  small  di¬ 
mensions  and  set  up  an  even  nonpulsating  pressure;  they  can  be 
used  to  transfer  mazouts  with  relatively  high  viscosities.  Table 
4.33  presents  maximum  mazout  viscosities  recommended  by  the  VTI 
for  transfer  with  various  types  of  pumps.  It  also  gives  the  re¬ 
quired  warming  temperatures  (taken  from  the  alignment  chart)  for 
the  various  mazout  grades. 

Table  4.34  presents  the  recommended  transfer  rates  for  pe¬ 
troleum  products  with  various  viscosities. 

Figure  4.12  [17]  shows  the  theoretical  dependence  of  average 
drop  diameter  on  mazout  viscosity  for  various  transfer  speeds  on 
the  assumption  that  the  coefficient  of  surface  tension,  density, 
and  geometrical  dimension  are  constants. 

The  maximum  viscosities  of  mazouts  and  their  preheating  tem¬ 
peratures  can  be  determined  from  an  alignment  chart  (Fig.  4.13) 
or  Table  4.35  as  functions  of  nozzle  type. 

For  the  mechanical  nozzles  of  seagoing-vessel  boiler  instal¬ 
lations,  the  mazout  viscosity  must  be  lower  than  for  stationary 
boiler  installations,  and  may  not  exceed  2-3°VC;  to  ensure  such 
viscosity,  fleet  mazouts  are  heated  to  the  following  temperatures 
F5  to  65-75°C,  and  F12  and  F20  to  90  and  100'  C;  respectively. 

TABLE  4.34 


Recommended  Transfer  Speeds  for 
Petroleum  Products  [16] 


ABd3nocTb  E«t>.-enpojtyirfo<) 

B  Cpem**  CKOporr* 
nepcKulxa,  M/an 

«  KmieMaTiw*' 

rjrc.-!o»**H 

p  in  anum 

|  If «  mrau 

ck*m,  cem 

°By 

1  BCACMBaUflfl 

nant  era  mu 

1-12 

1-2 

1.5 

2 JS 

12-28 

2-4 

U 

2 A 

28-72 

4-10 

\2 

1,5 

72-148 

10-20 

1.1 

U 

1 48—433 

20-80 

1.0 

1.1 

438-977 

60-120 

0.8 

|J» 

A)  Viscosity  of  petroleum  product 

B)  Average  transfer  speed,  m/s 

C)  Kinematic,  cSt 

D)  Conventional,  °VC 

E)  On  suction  line 

F)  On  do  livery  line. 


TABLE  ^4 . 35 

Required  Viscosity  and  Preheating  Tempera¬ 
ture  for  Burning  Mazouts  with  Various  Types 
of  Nozzles  [153 


A 

linn* 

4>opcjaoK 

Ba^ocrk  Muyn,  •BY/cem 

E 

Maixta 

Main* 

F  Tanraparypa 
nooorptaa,  °C 

c 

Aooycfsicajv 

S3 

Q 

He  mnmt 

JlBtOMW. 

Myna* 

H  Mazamnecxxe 

6/ — 45 

3.5/— 25 

20 

75 

90 

40 

85 

105 

60 

95 

110 

80 

98 

115 

100 

103 

120 

200 

112 

135 

T  IlapoiMe 

15/ — 120 

6/ — 45 

20 

55 

75 

40 

65 

85 

60 

75 

95 

80 

77 

V0 

100 

80 

103 

200 

90 

112 

J  BosAyniHMe  BUCOKO- 

10/— 75 

5/— 35 

20 

65 

80 

aanopHue  (non- 

* 

40 

75 

93 

npeccopawe) 

60 

80 

100 

80 

85 

103 

100 

90 

108 

200 

100 

118 

K  BosjyiDHue  hiuko- 

12/-90 

5/— 35 

20 

60 

80 

nanopaue  (emtt*- 

40 

72 

93 

axTopaue) 

CO 

78 

100 

80 

82 

103 

100 

85 

108 

200 

95 

118 

A) 

Nozzle  type 

K) 

Mechanical 

B) 

Mazout  viscosity,  °VC/cSt 

I) 

Steam 

C) 

Allowed 

J) 

High-pressure  air  (com¬ 

D) 

Recommended 

pressor) 

E) 

Mazout  grade 

Low-pressure  air  (fan) 

F)  Preheating  temperature,  °C 


G)  Not  below 


TABLE  4.36 

Influence  of  Heat  Treatment  on  Viscosity 
Properties  of  Cracking  Mazout  with  VC»t  ■ 
■  11.84 


I 

• 

m 

f 

m 

a 

1 

By)  tym  t im 

P-m 

CepMCM 

I#»C 

t«*c 

rc 

-1B»0 

Ho  TapMoo6pa6onca  .  .  . 

1470 

14382 

26132 

lit  000 

.’1  HacxpaacTMam  docjm 
rapMooftpafora  .  .  . 

1250 

552 

27*0 

12  MB 

■j  H*p*i  1  eyrw  oo«t 

Tapuoo6pa6oTKfl  .  .  . 

— 

13424 

2191, 

121000 

’  Mapna  22  cyro*  docjm 
TapMOo6pa6onaa  .  .  . 

- 

14100 

24  300 

1 

133  2B0 

1 
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after  heat 


1)  Spec  ;  men 

2  )  Convent :  on.  ti  v  i ;  :  \  ■ 

(°VC)  at  tempi- rai.u  re  <: 
3)  Before  float;  (.:•<•  a t:ne:it 


1  :  .  i  *.  •  ! 

’  itm-  nt 

Y  after  fie  at  treatment 
•  ’  after  iieat  treat- 


T.V'T.:’,  f  .  " 

Viscoslt les  of  fey  and  w  a.-  .  'a/.oiits  at 
Various  T  naeorar.ure:-. 


1) 

2) 

3) 

4) 

5) 


1 

C.n.  r  wtAMlf  r 

■  If’--  •  «w 

n*  -nyi  cpB  mcTrpjrrjp* 

MftsyTU 

U  M»J.  % 

lv°  C 

J0°C 

10«C 

•  (Ypiillri  ijfl  KprKBlir- 
MsnyT  <1  >-];>: 

1  (ifiji.'i'ii'ii  i 

r.'  oio.Tiiui'i 

u 

| 

l.'i  ■  ■ 

». » i 

i 

1  « 

*  i/» 

4(5.4 

147,2 

318 

f;  oOpaacii  2 

'  lY.no;uiuft 

5 

3.1IH  | 

4.11  ' 

i 

11.2 

11.7 

63  0 

161.4 

273.4 

{  Cojimimjf!  K|H'i:suir- 
M«;iyT  ii>n*'Tii!.ifi 

1  r.o.imi.'uiufi 

r, 

r.,(W  1 

*..t  4  1 

*  'l  *  1 

108.5 

115.5 

572 

601,4 

r  O pnm-iuti  ii.iii.'iiiuft 

lipitM'lfl  II('|  ,  it  llKII 

1  l.f,  1.  (Il)jft 
:> 

9,«4  \ 

■j.r\ 

125,0 

494 

504.7 

< 1  Ma.iorepmtm.iit  to- 

iioT'uil  opioiod  no- 

pert  ikh 

f  -Hr  imutiMH 

5 

S/M  ! 
5.% 

1 

:;.o 

136.4 

161,8 

Mazout 

0 ) 

Water  content,  % 

7) 

Viscosity  (°VC)  at  tem¬ 

perature  of 

8 ) 

F-12  sulfur-containing 

cracking  mazout 

<) ) 

Specimen 

.’al  fur-containing  firebox 
eric king  mazout 
;'ul  fur-containing  straight 
"ur  firebox  mazout 
Bow-sulfur  straight-run 
firebox  mazout. 


The  viscosities  of  cracking  mazout/  and  straight-run  paraf¬ 
fin-base  mazouts  are  not  constant  and  depend  on  prior  heat  treat¬ 
ment  and  the  degree  of  structural  breakdown.  Viscosity  changes 
most  sharply  on  preheating  to  70-100°C;  raising  the  heat -treatment 
temperature  above  100°C  has  no  marked  influence  on  the  viscosity 
variation.  Preliminary  heat  treatment  lowers  the  temperature  at 
which  the  mazout  shows  distinct  structure  by  almost  20°C  [2,  11, 
18].  The  influence  of  30  min  Of  heat  treatment  at  100°C  on  the 
viscosity  of  sulfur-containing  cracking  mazout  appears  in  Table 
4.36. 

The  viscosities  of  mazouts  also  vary  with  degree  of  watering. 
Watering  mazouts  to  2-3/5  has  practically  no  Influence  on  viscos¬ 
ity.  Mazouts  containing  up  to  55!  water  show  a  particularly  dis¬ 
tinct  viscosity  increase  at  temperatures  of  30°C  and  lower  (Table 
4.37)-  The  viscosities  of  cracking  mazouts  increase  to  a  greater 
degree  on  watering  than  do  those  of  straight-run  mazouts. 
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III 


Fig.  . 14 .  Viscosity  characteristics  of 
watered  fuel:  1)  dry  boiler  fuel;  2)  boiler 
fuel  containing  1555  water.  A)  Conventional 
viscosity,  ®VC;  B)  temperature,  °C. 


Fig.  4.15.  Average  drop  diameter  as 
function  of  surface  tension.  The  n  ler 
als  on  the  lines  indicate  relative  ve¬ 
locity,  m/s.  A;  Average  drop  diame¬ 
ter,  urn;  B)  surface  tension,  kg/m. 


B  noBepTHOcmnoe  namaxtnut.KlJ* 


Fig.  4.16.  Surface  tension  of  mazcuts  as  a  function  of  tempera¬ 
ture:  sulfur-containing  firebox  cracking  mazout:  1)  VCso  =  60;  2) 
VC50  =  ?0;  3)  VC50  =  14.1;  sulfur-containing  fleet  cracking  ma¬ 
zout:  4)  VCso  =  1.?;  5)  VCso  =  11.4;  sulfur-containing  straight-run 
fleet  mazout:  (■)  VCso  ~  4.38;  7)  VCso  *  4.38;  8)  low-sulfur  fleet 
mazout  with  VCso  -  12.  A)  Surface  tension,  ergs/cm2;  B)  tempera¬ 
ture,  °C. 


Figure  4.14  shows  viscosity-temperature  curves  for  dry  crack¬ 
ing  mazout  and  the  same  fuel  containing  up  to  15J  water  [39].  With 
falling  temperature,  the  difference  between  the  vls:osities  of  dry 
and  watered  mazouts  will  be  even  greater. 

Surface  Tension 

The  efficiency  of  fuel  atomization  depends  en  surface  tension 
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a:;  well  a:;  or!  viscosity.  To-  -j  ;  , 
er  tlit?  f'ui  ■  1  .-drop  1 1 t  laio  when  } 

th.-  more  ill  rri  cult  will  it 
and  good  fuel-air  mi  xing,  and  !  n-- 
fuel. 

TABLK  4  .  l8 

3  u  r*  fa  c  e  Ten  a  Ion  of  ill  ( -t 

MazmC  [  };  ] 


>'  ’  urt'uce  tension ,  the  larg- 
'■ovoi  from  nozzles  (Pig. 

•  '<■  -stain  fine  atomization 

otMi.-i-r  the  combustion  of  the 


i -V  1  ty  ^racking 
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30,8 
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1.004 
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1 IrinKHHCKHii  MH:tyr 
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31,5 
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— 
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30,0 
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7nyryai.MHiK-1a.il  nixjm. 
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10,0 
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| 

29.0 
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1)  Original  raw  material 

2)  Density 

3)  Conventional  viscosity,  '‘VC  at  80°C 

4)  Surface  tension,  dynes /cm,  at  temperature 
of 

5)  Tuymazy  masout 

6)  Baku  mazout 

7)  Bugul'ma  petroleum. 


The  surface  tension  of  liquid  roller  fuels  drops  linearly 
with  rising  temperature.  Usually,  viscous  mazouts  have  higher  sur¬ 
face  tension  (Fig.  4.16)  than  low-viscosity  types  (Table  4.38). 

Pour  Point 

The  pour  points  of  mazouts  d-.-m-nd  on  the  chemical  nature  of 
the  raw  material,  the  degree  of  removal  of  light  fractions  from 
the  raw  material,  and  the  production  nrocess  (direct  distillation 
or  cracking).  The  pour  points  of  straight-run  mazouts  from  paraf¬ 
fin-base  petroleum  are  usually  considerably  higher  than  those  of 
mazouts  from  naphthenoaromat  i  c  petroleum::.  Increased  degrees  of 
refinement  of  the  raw  material  raise  mazout  pour  points  markedly 
(Table  4.39). 

The  pour  points  of  fleet  mazouts,  according  to  AUSS  specifi¬ 
cations,  may  not  exceed  minus  lj  to  minus  8°C,  and  those  of  firebox 
mazouts  10-36°C.  We  encounter  fleet  mazouts  with  pour  points  as 
low  as  -30°C,  firebox  grades  up  to  +  42°C  and  above  (paraffin-base), 
and  high-viscosity  cracking  mazouts  with  pour  points  from  25  to 
34°C. 
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Tne  pour  points  of  mazouts  as  determined  by  the  standard 
method  (preheating  to  +50°C)  may  differ  sharply  from  the  actual 
pour  points  of  these  products  under  operating  conditions;  this  is 
explained  by  a  change  in  pour  point  as  a  function  of  heat-treat¬ 
ment  ondltions ,  i.e.,  on  the  temperature  and  duration  of  heating 
and  the  cooling  rate.  Usually,  the  maximum  pour  points  of  mazouts 
are  observed  on  heating  from  30  to  70°C,  and  the  minimal  values 
on  heating  from  80  to  100°C  (Table  4.40).  A  further  increase  in 
the  heating  temperature  to  130-150°C  has  no  influence  on  pour 
point.  The  -28cC  mazout  pour  point  established  according  to  the 
AUSS  and  below  does  not  change  on  heat  treatment.  The  kinetics  of 
variation  of  the  pour  points  of  various  mazouts  during  heating  can 
be  traced  in  Figs.  4.17-4.19.  An  increase  in  the  time  of  preheat¬ 
ing  (over  and  above  the  heating  time  3et  by  the  AUSS)  results  in 
a  sharp  decrease  in  pour  point  (Table  4.41). 


TABLE  4.39 

Variation  of  Pour  Point  as  a  Function  of 
Degree  of  Refinement  and  Viscosity  of  Mazouts 


1  He*n, 

2 

CnccoB  nepepaBont* 

3  ycnoiBa*  | 
tnsKOcn. 
npB  50°  C, 

•By 

4 

TemepaTrpa 

MCTuaamui,  *C 
<rOCT  1533-42) 

5  TyftiiRaHHUtM 

6  Hpjuian  csperoHxt 

4,38 

l  -14 

7  3xa6nacK*ii 

8  To  we 

5,59 

-8 

i 

9 

W 

+3 

9 

2 

-21 

» 

80 

+22 

9  Cstecb  mraiiCaflcKoi  a 

9 

7.78 

+13 

Tyi MMHHCKot 

9 

40 

+40 

10  C.wecb  cT8Bpono.ci.cxo4 

1 1  KpeXBHT 

9,26 

-10 

H  6aB.1HHCJfo4 

9 

12,1 

— 6 

9 

14.1 

-4 

9 

19 

+2 

1)  Petroleum 

2)  Refining  process 

3)  Conventional  viscosity  at  50°C,  °VC 
Pour  point,  °C  (AUSS  1533-42) 

5)  Tuymazy 

6)  Direct  distillation 

7)  Ekhabi 

8)  Same 

9)  Mixture  of  Ishimbay  and  Tuymazy 

10)  Mixture  of  Stavropol’  and  2r*vly 

11)  Cracking. 


TABLE  4.40 


Guideline  Heating  Temperatures 
for  Mazouts  to  Obtain  Maximum 
and  Minimum  Pour  Points 


1 

Tonnno 

Texocparypa  narpea* 
Kaayroi  (»  "C)  nan  ~ 
DonyiesBA  vaaept-  c 
Typu  sjcrunifui 

^iaFC«- 

tinjiuiofl 

4  un- 
vuud 

napa$nnHCTne  iiaayTii  .... 

60-70 

80-100 

Tono^aue  KpeKHHr-MaayTH  .  . 

20-30 

80— 10C 

4>jiotckh6  MAaym: 

8  MA.iocepaHciue  jphMoft  ne- 

50-60 

70-90 

peroHKH . 

y  cepiracnie  dphmoS  nepe- 

70-90 

roaxH . 

40-50 

10  cepunoTbie  KpeKHiir-MaayTij 

20-30 

90-100 

1) 

Fuel 

1 

7) 

i 

Fleet  mazouts 

2) 

Heating  temperature  of 

3) 

Straight-run  low-sulfur 

mazouts  (°C)  to  make  pour 

9) 

Straight-run  sulfur-con¬ 

point 

taining 

3) 

Maximal 

10) 

Sulfur-containing  crack¬ 

4) 

Minimal 

ing  mazouts. 

5) 

Paraffin-base  mazouts 

6) 

Firebox  cracking  mazouts 

Fig.  4.17.  Pour  point  of  Groznyy  paraffin-base  mazout  as  a  func¬ 
tion  of  preliminary  heat  treatment.  The  numerals  on  the  lines  in¬ 
dicate  the  pour  point  of  the  mazout.  A)  Pour  point,  UC;  B)  warm¬ 
ing,  °C. 


2U  W  SO  9B 

!  nototptS,  V 


Fig.  4.18. 
inary  heat 


Pour  point 
t  reatmont : 


A)  Pour  point,  °C;  B) 


;  of  cracking  mazouts  as  functions  of  prelim 
1)  Groznyy,  VC  so  =  2)  Tuapse,  VC  so  »  77 
warming,  °C. 
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B  Tennepornypa  mepMoo6pa6om*ut  °C 


Fig.  4.19.  Pour  points  of  fleet  mazouts  as  functions  of  prior 
heating  temperature:  1)  low-sulfur  mazout,  VC50  =  12  (pour  point 
-19°C);  2)  sulfur-containing  cracking  mazout,  VC so  =  12  (pour 
point  +3°C);  3)  straight-run  sulfur-containing  mazout,  VC5o  a 
=  4.38  (pour  point  -14°C);  4)  sulfur-containing  cracking  mazout, 
VC50  =  12.8  (pour  point  +5 °C).  A)  Pour  point,  °C;  B)  heat  treat¬ 
ment  temperature,  °C. 


B  Spent!  Bbtdepxxu,  Cymru 


Fig.  4.20.  Variation  of  mazout  pour  points  in  time:  1)  sulfur-con 
taining  cracking  mazout  (pour  point  +5°C)  treated  for  30  min  at 
70°C;  2)  same,  for  2  h;  3}  low-sulfur  F12  mazout  (pour  point 
-22°C)  treated  for  2  h  at  70°C.  A)  Pour  point,  °C;  3)  holding 
time,  days. 


The  pour  noint  of  mazout  is  unstable  after  heat  treatment 
(70-100°C)  ana  returns  to  its  original  value  during  subsequent 
storage  (Fig.  4.20). 
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TABLE  4.41 

Influence  of  Heat  Treatment  Time 
at  70°C  on  Pour  Point 


A 

Mutt 

itMuepiTypt 

aaCTUBBMHA 

6C  (no  TOCT 
1538—42) 

pTchflcpstyp* 

0  sacrunauM 
nocJie  iepHoo6> 
paOoTKB  *  K«n 

d2. 

e  * 

£  CepHHcnjfi  KpewiBr- 

-fi  1 

-14 

-20 

Maayi  $12 

-9 

-12 

■“25 

~5 

-9 

-23 

F  Cepnucwi  xpeKHHr- 

+4 

-1 

-8 

MaayT  20 

G  Ma.iocepnncTbii  $12 

-18 

-20 

-26 

-20 

-28 

-30 

-19 

-28 

-28 

-30 

-30 

-30 

A) 

Mazout 

D) 

2  hours 

B) 

Pour  point,  °C  (AUSS 
1533-42) 

E) 

Sulfur-containing  F12 
cracking  mazout 

C) 

Pour  point  after  hea*- 
treatment  for 

F) 

Sulfur-containing  No.  20 
cracking  mazout 

G) 

Low-sulfur 

F12 . 

Flash  Point 

The  flash  point  of  a  liquid  boiler  fuel  is  an  indicator  that 
permits  inferences  as  to  the  fire  hazard  that  it  represents.  This 
indicator  becomes  particularly  Important  for  fuels  used  in  ship¬ 
board  installations,  where  they  are  stored  near  crew’s  quarters 
and  boiler  rooms.  Hence  the  flash  points  of  fleet  mazouts  are  de¬ 
termined  in  a  close  crucible,  and  those  or  firebox  mazouts  In  an 
open  crucible.  When  determined  In  a  closed  device,  the  flash  point 
is  usually  found  to  be  lower  f  by  as.  much  as.  10r,r;)  than  that  for  an 
open  device . 

TABLE  4.42 


Flash  Points  of  Holler  Fuels. 


A 

Toiuno 

Mrrofl  m.nfWK** 

TtuiMptrypa 

1  •rliwmxa  (•  *C) 

T  • 

PilNNOI 
a*  war 

uh|  unm  . 
niriie 

ompirfM  | 
1  tara* 

OOpUftA*- 

NMa( 

•0 

G  M«  yt 

$12 

l  . 

npMUui  Hl.|>T|ol|KJ 

too 

112 

12 

I 

To 

94 

112 

18 

J 

Kpexaiir 

75 

140 

65 

1 

To  ** 

84 

146 

62 

KMoyx  Tonoxnal: 

f 

L  BY*  >20 

HpiiMoS  n<*w>ro(iK« 

98 

132 

34 

40 

To  *• 

106 

164 

58 

40 

Kptxaur 

76 

136 

62 

MCi*nueaut  Mwyr 

b 

UoKcostana* 

109 

121 

12 

GHptrcKu  ttwjm, 

-  2/4  - 

104 

112 

8 

« 


I 


A) 

Fuel 

H) 

Direct  distillation 

B) 

Method  of  production 

I) 

Same 

C) 

Plash  point  (°C)  deter¬ 

J) 

Cracking 

mined  in 

K) 

Firebox  mazout 

D) 

Closed  crucible 

L) 

VCso  -  20 

E) 

Open  crucible 

M) 

Shale  mazout 

P) 

Difference  between  deter¬ 

N) 

Coking 

G) 

minations,  °C 

P12  fleet  mazouts 

0) 

Yarega  petroleum. 

TABLE  J| .  1*3 


Change  in  Plash  Point  of  Cracking  Mazout 
during  Shipment  in  Tank  Cars 


1)  Plash  point,  °C  4)  Top 

2)  Refinery  data,  5)  Middle 

average  sample  6)  Bottom. 

3)  Customer's  data 


TABLE  4.44 


Change  in  Flash  Point  on  Heating 


1) 

Method  of  producing  mazout 

5) 

He at -treatment  time,  min 

2) 

Conventional  viscosity  at 

50° C,  6 VC 

6) 

Flash  point,  °C,  without 
agitation,  12  h 

3) 

Plash  point  before  pre¬ 

7) 

Cracking 

4) 

heating,  °C 

Plash  point  on  warming  to 

8) 

Direct  distillation 
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Cracking  mazouts,  and  especially  the  low-viscosity  grades, 
frequently  have  lower  closed-crucible  flash  points  as  a  result  of 
their  content  of  volatile  decomposition  products,  which  dissipate 
in  an  open  device  before  enough  of  them  have  accumulated  for  de¬ 
flagration,  and  hence  the  difference  between  the  determinations 
ranges  up  to  70°C  (Table  4.42).  During  shipment  and  storage,  the 
flash  points  of  these  mazout  grades  usually  rise  (Table  4.43). 

When  cracking  mazouts  are  heated,  the  flash  point  also  rises,  but 
only  to  a  certain  limit,  after  which  even  prolonged  warming  does 
not  affect  flash  point  (Table  4.44). 

Under  the  conditions  of  storage  in  tanks,  the  flash  points  of 
mazouts  are  usually  slightly  higher  than  the  temperature  deter¬ 
mined  by  the  standard  method  [lo]  and  depend  on  tank  volume  and 
the  level  of  the  liquid.  Thus,  when  mazouts  are  warmed  in  open 
(unpressurized)  vessels,  their  temperatures  must  be  10-2C°C  below 
their  flash  points.  In  closed  containers  under  pressure  (oil  pre¬ 
heaters,  coils,  piping),  mazout  can  be  warmed  to  a  temperature 
above  its  flash  point. 

Fractional  Composition 

The  fractional  composition  of  mazouts  used  as  boiler  fuels  is 
not  regulated  and  not  determined.  Low-viscosity  (light)  mazouts 
contain  more  of  the  light  fractions  than  do  the  viscous  (heavy) 


TABLE  4.45 

Fractional  depositions  of  Low -Viscosity  Ma¬ 
zouts  [5] 


l 

noitaHTOjra 

2 

|  o  CepiiHiTwa  Maayr 

Manocepaa- 

ctu«  unayT  j 
®12 

1 

npavot 
/!  nrperoHMS 
®5 

5 

ipntMHr  ® £2 

6  mpaKunoHuwi  coct«b:  • 

7  Haiaao  KnneHHfl,  ®C 

267 

225 

257 

8  neperoHHeTCH  np*  ®C: 

316 

10% 

254 

300 

20% 

330 

287 

335 

30% 

348 

1  322 

350 

40% 

352 

346 

34S 

n  50% 

— 

358 

360 

y  Haiajio  paajiOHWHWi,  BC 

357 

358 

— 

0  Teaneparypa  Bcounutn,  *C  , 

102 

94 

84 

•In  %  by  volume. 


1) 

Index 

6) 

Fractional  composition 

2) 

F12  low-sulfur  mazout 

7) 

Start  of  boiling 

3) 

Sulfur-containing  mazout 

r.) 

Distilled  over  at  ...  °C 

4) 

StraJ  ght-run  F5 

9) 

Start  of  decomposition,  °C 

5) 

F12  cracking 

10 ) 

Flash  point,  °C. 

mazouts.  Low-viscosity  : .  ' 

of  ho 

fleet  types  contain  20t  and 

more 

of  the  diesel-fue  ■  - c  ' 

:  ns  boiling  below  330°C  (Table  4,45) 

Viscous  mazouts  (heaw  ,  • 

•)  have  h 

Igher  boiling  points  than 

the  low-viscosity  gr-'  contain  more  of  the  high-boiling 
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fractions.  The  heav Lest  mazouts  -high-viscosity  cracking  resi¬ 
dues  --  generally  h  ve  initial  boiling  temperatures  of  300°C  and 
above:  on  the  average,  fi-12%  boils  out  below  350°C  [3]. 

Increased  c  ntents  of  high-  oiling  fractions  are  detrimental 
to  completeness  .f  combustion  and  increase  the  amount  of  smoke  and 
soot  formed.  Coi  >ustion  of  fuels  with  high  contents  of  light  dis¬ 
tillates  in  fir<  oxes  that  are  not  adapted  for  such  fuels  also  has 
its  effect  on  th  ■  combustion  process.  The  depth  of  penetration  of 
the  flame  is  reduced.  The  lighter  part  of  the  fuel,  burning  in  the 
front  of  the  firebox,  may  cause  local  overheating,  buckling  and 
deformation  of  the  boiler  tubes.  The  heavy  particles  of  the  fuel, 
thrown  into  the  interior  of  the  firebox,  burn  with  inadequate  air, 
with  the  result  that  more  smoke  and  more  soot  deposits  on  the  lin¬ 
ing  and  working  surfaces  of  the  boiler  are  formed. 

Mechanical  Impurities  in  the  Fuel 

The  mechanical  impurities  in  mazouts  consist  of  minute  parti¬ 
cles  of  iron,  sand,  coked  carbon  deposits,  packing  and  gasket  fi¬ 
bers,  etc.  They  clog  filters,  nozzles  and  valves  and  cause  wear  of 


TA3LE  4.46 

Influence  of  Solvents  on  Content  of  Mechani¬ 
cal  Impurities  in  Mazouts 


1 

Tonano 

2 

CoAepwAiue  MdianecKix  npa» 
Mflceft  (b  %)  ooene  ojxmobkb 

ACaaepman*  mcro- 
Pmoq  ■paimaS 
(•  DOOM 

5CTI5IBOII 

4 

Oanoxom 

J  XJIOpO- 
Comarn 

_  4 

Seasoaoai 

5lUMg- 

7  KpeKnni^M«yyT  ©12  .... 

8  TonoiHufi  KpeKHHr-naayr  40 

0,9750 

3.3030 

0,0844 

0,5778 

0,0220 

0,3478 

0.0201 

0,0158 

0,0174 

0,0084 

1)  Fuel 

2)  Content  of  mechanical  impurities  (?)  after 
scrubbing  with 

3)  Benzine 

4)  Benzene 

5)  Chloroform 

6)  Content  of  noncombustible  impurities  (?) 
after  scrubbing  with 

7)  F12  cracking  mazout 

8)  No.  40  firebox  cracking  mazout. 


the  walls  of  passages  in  nozzles  and  nozzle  heads,  thereby  inter¬ 
fering  with  the  fuel-atomizing  process.  Nozzle  wear  is  more  rapid 
when  high-viscosity  cracking  mazouts  containing  up  to  2.5?  mechan¬ 
ical  impurities  are  used  than  when  low-viscosity  fleet  mazouts 
containing  up  to  O.i?  of  mechanical  impurities  are  employed.  In 
determination  of  mechanical  impurities  according  to  AU3S  6370-5-'» 
the  asphalt-tar  substances  present  in  tha  mazouts,  which  are  set¬ 
tled  out  simultaneously,  are  often  determined  along  with  them,  n 
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this  case,  the  stated  mechanical,  impurity  content  will  be  on  the 
high  side,  and  the  true  amount  can  be  determined  by  using  various 
solvents  to  wash  the  precipitated  impurities  (Table  4.46). 

Tar  Constituents 

The  tar ’ constituents  present  in  boiler  fuels  are  detrimental 
to  fuel  properties  and  complicate  use  conditions.  Loss  of  stabil¬ 
ity  of  the  mazouts.,  disturbances  in  the  process  of  burning  them, 

table  4.47 


Average  Content  {%)  of  Tar  Constituents  in 
Mazouts 


1  Mtajni 

2 

Cmojim 

a 

Y  AC.JU.1b- 
TtHM 

4j(apfiemi 

a  KApfto- 

UflM 

Hue 

CMOJIM 

&OKcy»- 

«em 

7KppKHHr-Ma3yT  <t  12 . 

10,59 

4,3 

0,19 

40 

10,22 

nKpeKHur- laayr  40 . 

8,12 

6,64 

1,32 

72 

1W 

yCepMHCTwfl  M«3yT  npatoou  nepe- 

rOHKK  <D5 . 

13,6 

0,94 

0,03  ' 

28 

”.97 

J  OMaiocepnucTiju  uaayT  uiamob 

neperonKH  012  . 

14,03 

0,11 

0,03 

28 

5,79 

1  iTonoqaua  200  (KpeKiiar-ocra- 

TOK)  [3]  . 

16,6 

14,5 

1,19 

— 

173 

1) 

Mazout 

8) 

No.  40  cracking  mazout 

2) 

Tars 

9) 

Straight-run  F5  sulfur- 

3) 

Asphaltenes 

containing  mazout 

4) 

Carbenes  and  carboids 

10) 

Straight-run  F12  low-sul¬ 

5) 

"Excise"  tars 

fur  mazout 

6) 

Coking  capacity 

11) 

No.  200  firebox  mazout 

7) 

P12  cracking  mazout 

(cracking  residue)  [33. 

and  the  formation  of  emulsions  with  water  are  associated  with  the 
presence  of  tars  in  mazouts.  The  tar  constituents  are  regulated 
only  for  fleet  mazouts;  their  contents  are  determined  by  "excise" 
tars  l Table  4.47). 

Cracking  mazouts  differ  from  straight-run  types  in  having 
higher  contents  of  "excise"  tars;  here,  the  higher  the  viscosity 
of  the  mazout,  the  greater  the  tar  content.  The  tars,  asphaltenes, 
carbenes  and  carboids  present  in  mazout.;  affect  their  properties 
in  different  ways,  with  the  asphaltene::  being  most  detrimental. 

The  asphaltene  content  of  the  fuel  can  be  Judged  from  its  coking 
capacity;  the  higher  this  index,  the  greater  the  asphaltene  con¬ 
tent.  Coking  capacity  characterizes  the  total  ear  content  more  ac¬ 
curately  than  doer  th--  content  of  "excise"  tars.  Cracking  mazouts 
also  dl f for  from  s t ~  ;  1 gnt -run  grades  in  having  a  higher  content  of 
asphaltene:; ,  carben-r.  and  carholdr.  (see  Table  4.47) .  In  heavy 
high-viscosity  cracking  naz^uts,  their  content  ranges  up  to  14-20* 
(Table  4.48).' 

Purls  with  a  high  content  of  tar  const Ituents  are  usually  un¬ 
stable,  and  tarry  deposits  form  in  :■*  •.••age  and  on  heating;  these 
may  inciude  mechanical  Impurities. ,  wit  *  v,  'xtracted  oil  and  solid 
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TABLE  4.48 

Content  of  Asphaltenes,  Carbenes  and  Carbolds 
in  Cracking  Mazouts 


B 

yenouan 

KIJHOCTb 

•By 


f* 


0 


1.  KpeKonr-uasyT  40 . 

2.  To  we  60 . 

3.  To  we  80 . 

4.  KpeKunr-ocraTox  Oaeccxoro  asbo^a  .  .  . 

5.  To  m . 

6.  »  . . 

7.  t  . 


38  (50°  C) 

9.4  (80°  C) 
22,2  (75°  C) 
120(50°  C) 
380  (50°  C) 

18.4  (80*  C) 
100  (50°  C) 


7,42 

11,70 

9,36 

11,32 

14,11 

1430 

19.10 


0,98 

2,60 

1,90 

0,90 

230 

1,79 

2.00 


8,40 

14,30 

11,26 

12,22 

16,41 

16,59 

21,00 


Note.  1,  2,  and  3  are  data  of  4,  5,  6 


and  7  are  data  of 

the 

Odessa 

refinery  labora- 

tory  [19]. 

A) 

Mazout 

1. 

No.  40  cracking  mazout 

B) 

Conventional  viscosity. 

2. 

Same,  No.  60 

°VC 

3. 

Same,  No.  80 

O 

Asphaltene  content  (A), 

% 

4. 

Odessa  refinery  cracking 

D) 

Carbine  and  carboid  con¬ 

- 

residue 

tent  . .  . 

5. 

Same . 

E) 

Content  of  ... 

TABLE  4.49 


Composition  of  Sludge  {%)  from  Oil  Preheaters 


1 

Upoflu  aw  onptaeneimn  coaepaweee 
oTJiomwafi 

2 

g 

3 

3! 

i 
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!! 

K« 

5 

0 

3 

* 

?! 

Pi 

z  *8 

n  iie$reno.wpe*«TeJie  . 

B  ne|*cwie  v,z  huayr,  m  ncKjioicunex  Me- 

5,93 

3,26 

1,57 

34,83 

59,48 

Bpn».»C*t . 

13,01 

7.15 

3.45 

7637 

— 

1) 

Sample  for  determination 

6) 

Mechanical  impurities 

2) 

of  sludge  content 

7) 

In  oil  preheater 

Tars 

8) 

Converted  to  mazout,  ex¬ 

3) 

Asphaltenes 

cepting  mechanical  impuri 

4) 

5) 

Carbenes  and  carbolds 

Oils 

ties . 

paraffins.  In  storage  of  boiler  fuels  and  with  periodic  warming, 
tarry  deposits  are  precipitated  comparatively  quickly.  At  120°C, 
of  the  carbenes  and  carbolds  settle  within  5  h,  and  up  to 
Tf%  during  2?  n  at  250°C  [BO]. 
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TABLE  4.48 


Content  of  Asphaltenes ,  Carbenes  and  Carboids 
In  Cracking  Mazouts 


A 

KlQN 

B 

yenoiau 

MSMoen 

•By 

ic 

*** 

if 

Si 

¥ 

•l* 

I»+ 

hi 

E 

a* 

o  N 

w 

It 

1.  KpeKnHr-uMyT  40 . 

38(50«C) 

7,42 

0,98 

8,40 

2.  To  me  60 . 

9,4(80*  C) 

11,70 

2,60 

14,30 

3.  To  me  80 . 

22,2  (75*  C) 

9,36 

1,90 

11,26 

4.  Kpexttar-ocmox  Oaeccitoro  aa&cua  .  .  . 

120(50*  C) 

1132 

0,90 

12,22 

5.  To  me . 

380  (50*  C) 

14,11 

230 

16,41 

6.  »  . . 

18,4(80*  C) 

1430 

1,79 

16,59 

7.  >  . 

100(50*0 

19.10 

2,00 

21,00 

Note.  1,  2,  and  3 

are 

data  of  0HMM<t>;  4.  5,  6 

and  7  are  data  of 
tory  [19]. 

the 

Odessa 

refinery  labora- 

A) 

Mazout 

1. 

No.  40  cracking  mazout 

B) 

Conventional  viscosity. 

2. 

Same ,  No .  60 

°VC 

3. 

Same,  No.  80 

C) 

Asphaltene  content  (A), 

* 

4. 

Odessa  refinery  cracking 

D) 

Carbine  ana  carboid  con¬ 

- 

residue 

tent  . . . 

5. 

Same . 

E) 

Content  of  ... 

TABLE  4.49 

Composition  of  Sludge  (*)  from  Oil  Preheat  s 


1 

HpoCu  am  o’  p  "JieitHd  coa*pjwum* 

OT,,C  MUi 

2 

i 

4  < 

if 

|s 

*  * 

5 

H 

a 

atls 

B  ue^TenoaorpeMrMe . . 

5,93 

3.26 

1,57 

34,83 

59,48 

B  nepccteie  na  misvt,  tt  nrwuo' umieM  xe- 
xauimcxux  npauecai . 

13JD1 

7,15 

3,45 

7637 

— 

1)  Sample  for  determination 
of  sludge  content 

2)  Tars 

3)  Asphaltenes 

4)  Carbenes  and  carboids 

5)  Oils 


6)  Mechanical  impurities 

7)  In  oil  preheater 

8)  Converted  to  mazout,  ex¬ 
cepting  mechanical  impuri 
ties . 


paraffins.  In  storage  of  boiler  fuels  and  with  periodic  warming, 
tarry  deposits  are  precipitated  comparatively  quickly.  At  120°C, 
23. (>%  of  the  carbenes  and  carboids  settle  within  5  h,  and  up  to 
97*  during  22  h  at  250°C  [20]. 
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to  20-30$,  depending  on  the  temperatures  of  the  mazout  and  the 
air,  the  viscosity  of  the  mazout,  and  the  steam  temperature  and 
pressure.  The  watering  of  mazout  washings  caught  during  thorough 
cleaning  of  railroad  tank  cars,  oil  barges  and  tanks  to  remove 
residues  ranges  [24]  up  to  50-75$.  When  hot  water  is  used  for 
washing  with  a  hydraulic  monitor,  the  mazout  may  be  watered  up  to 
80$  [25]. 

When  water  is  mixed  with  mazout,  the  result  is  a  hydrophobic 
emulsion  of  the  "water  in  oil"  type.  The  more  highly  the  emulsion 
is  dispersed,  the  more  stable  it  becomes.  In  turn,  the  dispersion 
of  the  emulsion  depends  on  the  viscosity  and  density  of  the  ma¬ 
zout,  the  thoroughness  of  mingling  of  the  water  with  it,  and  the 
amount  and  nature  of  emulsion  stabilizers  (emulsifiers). 

The  emulsion  formed  when  low-viscosity  mazouts  are  mixed 
with  water  is  usually  broken  down  comparatively  easily  by  warming 
it  and  allowing  it  to  stand.  In  this  case,  the  settling  of  the 
water  depends  on  the  density  of  the  mazout.  The  lighter  the  ma¬ 
zout,  the  more  rapidly  will  the  water  separate  out  from  it.  Fig¬ 
ures  4.21  and  4.22  show  the  variation  of  the  densities  of  water, 
light  mazouts  and  cracking  residues  as  functions  of  temperature. 


Fig.  4.21.  Density  of  low-viscosity  ma¬ 
zouts  as  a  function  of  temperature:  1) 
shale  mazout,  VC 50  *  22;  2)  firebox  ma¬ 
zout,  VC 50  *  20;  3,  4,  5,  6)  fleet  ma¬ 
zouts,  VC50  *  20;  VC50  *  15.6;  VC50  ■ 

«  12;  VCse  *  5;  7)  water.  A)  Density; 

B)  temperature,  °C. 


TABLE  4 . 50 

Effectiveness  of  Deemulsifiers* 
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61 
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16 

85 

0.73 

02 

4 

85 

0.7 

6  lUr.nmu*  otxoau 
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36 

44 

24 

02 

86 

04 

•Settling  at  70eC,  water  content  in  emulsion 
10-12$. 
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1) 

Deemulsifier 

5) 

Amount  of  water  in  mazout 

2) 

Deemulsifier  content,  % 

after  standing,  in  bottom 

3) 

Standing  time,  h 

layer,  % 

4) 

Amount  of  water  separated, 

6) 

Without  deemulsifier 

% 

7) 

0P-7 

8) 

Alkali  wastes. 

Fig.  4.22.  Change  in  density  of  cracking  residues,  mazouts  and 
water  as  a  function  of  temperature:  1,  3 ,  4,  5,  6,  11)  Tuymazy  ma- 
zout  with  20°C  density  of,  respectively,  I.O58,  1.044,  1.036, 
1.034,  1.031,  1.004;  2,  7,  8,  9,  10)  Baku  mazout  with  20°C  densi¬ 
ties  of,  respectively,  1.046,  1.026,  1.022,  1.006,  1.005;  12)  Bu- 
gul’ma  petroleum  with  20°C  density  of  1.0;  13)  Nos.  80  and  100  ma¬ 
zout;  14)  water.  A)  Density,  tons/m3;  B)  temperature,  °C. 


Fig.  4.23.  Viscosity  and  density  of  various  mazout  grades  and  wa¬ 
ter  as  functions  of  temperature  [21]:  1,  2,  3,  4)  Nos.  80,  60,  40 
and  100  mazouts,  respectively;  5)  water.  A)  Density;  B)  tempera¬ 
ture,  °C;  C)  viscosity,  °VC. 


Emulsions  obtained  by  warming  mazouts  with  live  steam  are 
more  stable  than  those  formed  by  mixing  water  and  mazout.  In  this 
case,  the  persistence  of  the  emulsion  dept  ads  on  the  amount  and 
effectiveness  of  emulsion  stabilizers  present  in  the  mazouts.  The 
at abl 1 1 zors  of  water-mazout  emulsions  are  chiefly  asphalteres  and 
; : o mo  of  the  tar3  [22].  In  emulsions  of  sulfur-containing  mazouts 
(especially  cracking  mazouts),  the  degree  of  water-droplet  disper¬ 
sion  is  substantially  higher  than  in  low-sulfur  mazouts  and,  con- 
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sequently,  the  persistence  of  the  emulsions  will  be  considerably 
greater. 

To  separate  water  from  the  mazout,  it  it  usually  heated  to 
4o-70°C  and  then  allowed  to  stand  for  a  long  period.  Mazouts  ob¬ 
tained  from  nonsulfurous  petroleums  (especially  low-viscosity 
grades)  separate  quite  readily  from  water,  while  stable  emulsions 
form  in  sulfur-containing  mazouts  because  of  their  higher  as¬ 
phaltene  contents  and  are  difficult  to  separate  by  ordinary  set¬ 
tling  and  heating.  In  sulfur-containing  cracking  mazouts,  the 
emulsion  is  almost  permanent  and  the  water  doea  not  separate.  Wa¬ 
ter  separation  is  particularly  poor  in  high-vircosity  firebox  ma- 
zouts . 

At  high  temperatures  (110-l60°C),  when  hi gh -viscosity  mazouts 
have  their  lowest  and  practically  constant  viscosity,  separation 
of  water  is  inhibited  by  the  very  small  difference  between  the  wa¬ 
ter  and  mazout  densities,  and  at  temperatures  below  100°C,  water 
fails  to  separate  because  of  the  high  viscosity  of  the  mazouts 
(Fig.  4.23).  As  a  result,  the  rate  of  separation  of  water  droplets 
from  low-viscosity  mazouts  is  considerably  higher  for  identical 
temperature  conditions  than  the  rate  of  separation  from  high-vis- 
cosity  grades.  The  rate  of  water  separation  varies  with  tempera¬ 
ture. 

Water  is  removed  most  effectively  from  Nos.  40  and  60  firebox 
mazouts  in  the  110-l40°C  temperature  range,  and  from  Nos.  80  and 
100  mazouts  at  about  210°C.  Here  the  water  must  be  allowed  to  set¬ 
tle  out  under  high  pressure  (up  to  25  atm  for  No.  100  mazout)  [25]. 

One  of  the  most  effective  methods  of  dealing  with  emulsions 
is  to  use  deemulsifiers  [25].  OZhK,  VNII  NP-58,  proxalines,  proxa- 
nols,  and  others  are  recommended  as  deemulsifiers  for  firebox  ma¬ 
zouts  [27-29]. 

Active  deemulsifier'.i  for  low-viscosity  mazouts  include  hy- 
droxyethylated  phenols  OP-7  and  OP-10  (TU  3554-53)  and  sodium 
salts  of  sulfo  acids  (alkali  wastes  formed  in  acid-alkali  scrub¬ 
bing  of  oily  petroleum  distillates,  TU  330-48).  The  efficiencies 
of  deemulsifiers  are  given  in  Tables  4.50  and  4.51  [34]. 

TABLE  4.51 

Influence  of  0P-7  Deemulsifier  on  Strength 
of  Film  and  Surface  Tension  of  Straight-Run 
Sulfur-Containing  Mazout 


1) 

Product 

5) 

Mazout  without  deemulsl- 

2) 

Deemulsifier  content  in 

fier 

mazout,  * 

6) 

Mazout  with  OP-7  deemul- 

3) 

4) 

Surface  tension,  ergs/cm2 
Strength  (persistence)  of 
film,  s 

slfier. 

Pig.  4.24 .  Separation  of  water  from  mazouts  in  the  railroad  tank 
car.  Mazout  P12:  1)  settling  without  heating;  2)  settling  with 
heating  to  60°C;  sulfur-cc  staining  FS5  mazout:  3)  settling  without 
heating;  4)  settling  with  heating  to  6 0°C;  5)  .settling  with  0.25% 
of  OP-7  deemulsifier  and  heating  to  60°C.  A)  Amount  of  water  sepa¬ 
rated,  %  of  water  introduced  into  mazout;  B)  settling  time,  h. 


A  test  of  OP-7  deemulsifier  under  industrial  conditions  (0.25% 
OP-7  concentration,  standing  at  60°C)  has  confirmed  its  high  qual¬ 
ity  (Fig.  4.2*0.  It  is  recommended  that  deemulsifiers  be  intro¬ 
duced  into  the  mazouts  before  they  become  watered  and  form  emul¬ 
sions,  i.e,,  at  the  points  of  production,  since  their  effective¬ 
ness  is  then  higher  than  when  they  are  added  to  emulsion. 

In  laboratory  practice,  the  effectiveness  of  deemulsifiers 
can  be  evaluated  by  two  indices:  1)  the  strength  of  bubble  films 
(from  their  lifetimes);  2)  the  decrease  in  surface  tension  (see 
Table  4.51).  Pluronic  L-62,  4411,  and  Teepol  are  regarded  as  the 
best  of  the  imported  deemulsifiers. 

Recently,  heavily  watered  high-viscosity  mazouts  and  .nazout 
rinsings  have  come  into  use  as  boiler  fuels  for  stationary  boilers 
without  preliminary  dewatering;  this  is  made  possible  by  formation 
of  a  water-mazout  emulsion  with  the  water  (up  to  30*)  uniformly 
distribu'ed  through  the  entire  volume  of  the  fuel  by  means  of  a 
high-spted  mechanical  disperser  or  by  direct  bubbling  of  live 
steam  or  compressed  air  through  the  mazout  [24],  When  the  water 
content  in  ';he  emulsion  is  over  30*,  combustion  deteriorates 
markedly  and  the  boiler's  efficiency  and  steam  output  fall. 


-  284 


I 


t1  'h  Content  In  Fuel.  Vanadium  Corrosion 


Liquid  boiler  fuels  usually  contain  from  0.01  to  0.5$  ash. 
This  is  formed  chiefly  by  metal  salts.  Salts  may  be  present  in  the 
petroleum  in  dissolved  form  (chemically  bound  salts)  or  in  the 
colloidal  state  (complex  compounds  of  metals);  they  may  also  enter 
it  together  with  the  drilling  waters. 


TABLE  11.52 

Relation  Between  Content  of  Asphalt-Tar  Con¬ 
stituents,  Sulfur  and  Vanadium  in  Petroleums 
[5] 
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0,878 

2,42 

8,0 

13 

30,00 

739 

c  Eojiea  3,0 

0,906 

3,70 

12,0 

7.4 

81,70 

1837 

1)  Sulfur  content 
in  petroleums,  % 

2)  Average  density 

3)  Average  contents 

H)  Sulfur 

5)  Tars 

6)  Asphaltenes 

7)  Average  content, 
mg  per  100  g  of 
petroleum 


8)  Porphyrins 

9)  Vanadium 

10)  Up  to 

11)  Traces 

12)  More  than. 


More  than  25  elements  are  encountered  in  the  ash  left  by  com- 
b’stion  of  petroleum.  The  basic  components  are  iron,  vanadium, 
r.xCkel,  aluminum,  calcium  and  sodium.  Compounds  of  vanadium  and 
sodium  cause  corrosion  of  the  metallic  surfaces  of  boilers  and 
gas-turbine  plants.  All  vanadium  compounds  concentrate  in  the  as- 
phalt-tar  fractions  of  the  petroleum,  chiefly  among  the  asphaltenes. 

The  vanadium  contents  of  petroleums  increase  in  the  following 
order: 


paraffinic  -*■  naphthenic  -»■  aromatic 
-*•  high-tar  ■*  asphaltene  petroleums 

The  vanadium  content  in  petroleum  depends  on  its  sulfur  con¬ 
tent  (Table  **.52).  Low-tar  and  low-sulfur  petroleums  from  the 
Azerbaydzhan  SSR,  such  as  Balakhany,  Kara-Chukhur,  Buzovna,  and 
other  petroleums,  contain  about  6 •10“*$  vanadium;  Oroznyy  petro¬ 
leums  contain  (2-8)*10”s$,  and  Turkmenian  petroleums  (?-3)*10  $• 

In  sulfur-containing  petroleums  from  the  eastern  deposits,  the 
vanadium  content  is  substantially  higher,  reaching  1*10  $,  and 
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averaging  (5-6) •10”8.  Table  4.53  lists  vanadium  contents  for  cer¬ 
tain  individual  petroleums. 

detailed  analyses  of  ashes  from  various  mazouts  has  shown 
that  the  ashes  of  sulfur-containing  and  low-sulfur  mazouts  have 
closely  similar  compositions  (Table  4.54).  The  basic  difference 
observed  in  sulfur-mazout  ash  consists  in  the  presence  of  vanadium, 
which  is  absent  for  low-sulfur  mazouts  or  present  in  negligible 
quantities,  and  in  elevated  sodium  content.  In  P12  fleet  mazout 
obtained  from  nonsulfurous  petroleums,  there  is  no  more  than 
0.0005?  of  vanadium.  Scraight-run  sulfur-containing  fleet  mazout 
contains  up  to  0.003-0.007?  vanadium;  the  content  ranges  to  0.01? 
in  sulfur-containing  cracking  mazouts  [5]»  to  0.007?  in  No.  20 
firebox  mazout,  to  0.012?  in  Nos.  40,  60  and  80  mazouts,  and  to 
0.020?  in  cracking  residues  [30]. 

The  vanadium  contents  of  mazouts  obtained  from  certain  for¬ 
eign  petroleums  are  given  in  Tablj  4.55. 

TABLE  4.53 

Vanadium  Contents  of  Certain  Individual  Pe¬ 
troleums  of  the  Soviet  Union 


CypuuMCKM  « nun  . 
Ba-iaxascitax  tmmm 
Kociiiwimmui  .  . 

SiyeoacKa* . 

KpacRoxaMcm*  .  . 
IlmniCt  lacaa  .  .  . 
Tyiuaanacxa*  .  .  . 

CraporpoaHoiewi  . 
OKxaCpaexaa  .  .  . 
Tamxa.’inacaaj  .  .  . 
Hefor-Aarcuaji  .  . 
TKnryaeaauui  .  .  . 
CuapaBCxa*  .... 
PouamKaucKaa  .  .  . 
Bauinaataii  .... 
TyiMaaBHcre*  %  .  . 

To  MM.  C, . 

KpacHoxauciuR  .  . 
Ccaepoxaucica*  .  .  . 


’7  3»uvacxaa . 

r.yrypycJUHCKa*  Pt  . 

3  0  liouiMOaAcMaa,  sanaait-ifl  uaccita,  Pi 
KpaciioKaiicKaR  C,  (Maprmn)  .  .  .  . 
5?  OaapoKaMcxas  C,  (Mannas)  .... 
j  CuapaucxtH  (*cp«flexnu  ropsaour)  C, 
4  TyfluosuBCKM  Ct  . .  . 


Petroleum 
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1) 

2) 


4) 


16) 

Oktyabr’ 

27) 

Zmiyev 

17) 

Tashkala 

28) 

According  to  L.A.  Gulyayeva 

18) 

Nebit-Dag 

29) 

Buguruslan  R* 

19) 

Zhigulevsk 

30) 

Ishimbay,  west  massif,  Hi 

20) 

Syzrany 

3D 
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Severokamsk  S2  (Mart’yan) 

21) 
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32) 

22) 

Bavly 

33) 

Syzrany  (gate  level)  S* 

23) 

Tuymazy  I) 

34) 

Tuymazy  Sj. 

24) 

Same,  Si 

25) 

Krasnokamsk 

26) 

Severokamsk 

TABLE  4.54 

Composition  of  Ash  from  Sulfur-Containing 
and  Low-Sulfur  Mazouts  [54] 
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MbO . 

VtO,  . 

SIO, . 


maapanaoA 


%: 


Index 

Sulfur-containing  cracking 
mazout  from  mixture  of 
Stavropol’,  Saratov  and 
Bavly  petroleums 
Sulfur-containing 
straight-run  mazout  from 
Tuymazy  petroleum 
fleet  mazout  from  Il’akiy 
pet roleum 


2,2 

0.183 


2.19 
20,39 

1,91 

16,11 

2,50 

0,74 

1,04 

8,68 

0,61 

45,63 

3,09 

9,31 

5.20 
1,87 

20,42 

1,18 

Caagpi 

1,38 

57,35 

5) 

6) 
7) 

0) 

9) 

10) 


1.6 

0,076 


8,17 
28,33 
3,03 
27,93 
6,73 
Q  1,05 
Caajpi 
8,71 
9,62 
1,92 
4,46 

5,66 

20,51 

16,25 

18.05 

26,27 

9car 

6.45 


0,6 

0,106 


6^2 
o  28,18 

thcyrcm* 

27,82 

5,55 

4,28 

0,06 

14,44 

<&. 

OlCYTCTVM 

20,43 
12,92 
29,01 
17,00 
7.85 
n  0.12 
9  Ca  wi 
12,77 


Sulfur 

Ash 

Anions  and  cations  in  min¬ 
eral  part  of  mazout 
None 
Traces 

Oxides  in  mazout  ash. 
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TABLE  4.55 


Vanadium  Contents  In  Mazouts  from  Foreign 
Petroleums  [31] 


1  npOHCXOWMSM  «a*7TO> 

p  Binoa 

3.  3 03*1 
*n»i*ar 

Ipoabfmm* 

%  at  so»7 

5  Bauecywu  .  . . 

58,0 

0,115 

40.7 

0  Hpw . 

45,0 

0,0503 

188 

7  HptK .  . 

32,5 

0,0168 

578 

0  CayflOBCKM  Apaesa . 

17,8 

0,0148 

158 

7  Hp*n . 

458 

0,0303 

174 

1)  Origin  of  mazout 

2)  Mazout  yield,  % 
on  petroleum 

3)  Ash,  %  on  mazout 

4)  Vanadium  content 
%  on  ash 


5)  Venezuela 

6)  Iran 

7)  Iraq 

8)  Saudi  Arabia. 


Despite  the  relatively  low  ash  content  in  boiler  fuel,  ash 
deposits  form  on  boiler  heating  surfaces  and  the  in-stream  parts 
of  gas  turbines  when  it  is  burned,  lowering  the  operating  relia¬ 
bility  and  technical-economic  performance  of  these  machines:  heat- 
transfer  conditions  suffer,  the  exhaust-gas  temperature  rises,  and, 
as  a  consequence,  the  power  and  efficiency  of  the  boiler  or  gas 
turbine  [GT]  (ny)  decrease.  Furthermore,  ash  deposits  intensify 
the  corrosion  of  metallic  surfaces  and  damage  boiler  linings.  The 
growth  of  deposits  is  accelerated  noticeably  in  the  presence  of 
sulfur  [32]. 

Table  4.56  lists  compounds  that  may  form  during  combustion  of 
mazouts  and  their  melting  points  [33]. 

Table  4.57  shows  the  composition  of  f Irebox-mazout  ashes  and 
deposits  from  gas-turbine  machinery  [35].  In  this  case,  the  de¬ 
posits  on  the  guide  vanes  and  buckets  have  about  the  same  composi¬ 
tion  as  the  mazout  ash  (with  the  exception  of  the  alkaline-earth 
metal  oxides). 

Table  4.58  gives  an  analysis  of  deposits  [34]  taker,  from  the 
heating  surfaces  of  a  boiler  Installation  after  operation  on  sul¬ 
fur-containing  and  low-sulfur  mazouts.  The  main  components  of  the 
deposits  are  identical  to  the  mazout-ash  cjmponents. 

The  main  content  of  deposits  taken  fro  the  regenerative  air 
preheater  is  iron.  Typical  of  all  deposits  is  the  absence  of  chlo¬ 
rides,  despite  the  fact  that  the  mineral  impurities  of  the  mazouts 
contained  larg-  quantities  of  them.  For  the  most  part,  the  depos¬ 
its  consist  of  sulfates.  The  basic  difference  between  the  composi¬ 
tions  of  sulfur-containing-  and  nonsul furous-mazout  deposits  con¬ 
sists  in  the  former’s  containing  vanadium  and  more  insoluble  ox¬ 
ides,  which  interfere  with  cleaning.  Deposits  form  more  rapidly 
and  in  larger  quantities  during  combustion  of  sulfur-containing 
mazouts  than  during  combustion  of  low-sulfur  grades,  and  are 
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TABLE  4.56 

Melting  Points  of  Compounds  Formed  on  Combus¬ 
tion  of  Mazouts 


CoiWWW 


®OPKTJU 


iiowomM, 


j  Oxncb  anruiuxx  .  . 
j  CyAbgar  a^nurnmn 
5  Okbo.  xaobmu  . 

J  Cy.ib^ai  Kisunx 
ID  Oxacb  jkojibm  .  . 

11  Cy;a$»r  woJiea* . 

1 2  OKBCb  Main  ax  .  . 

13  Cysb$aT  uaraia . 

1 4  OxHCb  bbxmb  .  . 

15  Cyxb$*T  anwu . 

16  OXBCb  KpeUBBf.  . 

1 7  Cyjib$tT  HtTpax  . 

1 8  EBcy.ib$aT  Baipaa 

19  JlnpocyBb^aT  aaTpsa 
2  0  TpexoKHcs.  Baa  anna 
2 1  ’leTbipexoiCBCb  aaaa- 

abx . 

2  2  IIxTBOKBCb  aaaasBB 

2  3  Oxacb  iQSHxa  .... 
Cyai4aT  bbbxb  .  . 
MeTBBauaAtT  sarpna 
nnpoBanaaaT 
t.  OpTOBaHanaT 

20  rnposanaflar 

29  OpTOBauaaaT 

30  MoiaBanaaaT 
’  I  BanaaaT  Btexeaa  . 

32  Banaaaa  Banaaar 

33  To  *e . 


iiaTpux 

uaipnx 

BBK8JIR 

nnxe.ix 

mexeaa 


Al|Of 
CaSO« 
8* 


Mi 


0* 

10 

Ni80( 

810. 

NftfSUf 

N1H8O# 

w 

ZnO 

ZnSO. 
Na»0-V,0» 
2Na,0  •  V,0| 
3Na,0  >  V,0, 
2NiO  •  V.O, 
3N10-V,0» 
PetO(  •  V.Oj 
FatO,  •  2  V,0, 

N»,0  ■  Vt04  ■  5V.0. 

2N»iO-Vl04-iiVA 


2050 

2572 

1450 

1566 

2500 

2090 

1720 

880 


400 

1970 

1970 

675-690 

1800 

630 

640 

850 

900 

900 

860 

855 


7  700*  C  b  AlfO( 

480*  C  B  PagO, 
1124* C»  MgO 
480*  C*B  WO 


|250*C»Na, 
460»C»Natg01+8< 


740*  C  B  ZaO 


1)  Compound 

2)  Formula 

3)  Melting  point,  °C 

4)  Possible  reactions  of 
compound,  °C 

5)  Aluminum  oxide 

6)  Aluminum  sulfate 

7)  700°C  to  AI2O3 

8)  Calcium  „"flde 

9)  Calcium  sulfate 

10)  Ferric  oxide 

11)  Ferric  sulfate 

12)  Magnesium  oxide 

13)  Magnesitin  sulfate 

14)  Nickel  oxide 

15)  Nickel  sulfate 

16)  Silicon  dioxide 

17)  Sodium  sull’ate 


18)  Sodium  dl sulfate 

19)  Sodium  pyrosulfate 

20)  Vanadium  trioxide 

21)  Vanadium  tetroxide 

22)  Vanadium  pentoxide 

23)  Zinc  oxide 

24)  Zinc  sulfate 

25)  Sodium  metavanadate 

26)  Sodium  pyrovanadate 

27)  Sodium  orthovanadate 

28)  Nickel  pyrovanadate 

29)  Nickel  orthovanadate 

30)  Iron  raetavanadate 

31)  Iron  vanadate 

32)  Sodium  vanady lvanadate 

33)  Same. 


-  289 


TABLE  4.57 

Composition  of  Fuel  Ash  and  Deposits  from  Gas-Turbine  Installa¬ 
tions 


CoCTBS  10AM  H  OTAOWCmtft,  «»c.  % 


v,0, 

N«,0 

6I0| 

Fo,0, 

CaO 

MfO 

SO, 

9,48 

28,84 

3,20 

3,97 

18,8 

4,8 

25,90 

12,56 

19,71 

1,34 

3,58 

3,69 

0,75 

27,62 

1 1 ,50 

23,22 

1,72 

2,86 

1,75 

0,45 

29,30 

18,48 

21,53 

2,00 

4,93 

12,00 

7,38 

33,20 

16,84 

29,05 

0,75 

1,35 

1,96 

1,99 

_ 

13,77 

20,16 

1,82 

3,45 

— 

— 

— 

1,88 

4,74 

1,83 

— 

— 

— 

— 

18,67 

17,87 

7,78 

2,65 

7,  Oft 

da2#v 

_ 

10,02 

29,16 

0,65 

1,00 

3,24 

— 

31,90 

11,06 

10,37 

0,73 

1,39 

3,23 

— 

48,26 

0,52 

1,01 

1,43 

14,82 

0,78 

— 

— 

27  54 

24,28 

3,57 

1,22 

9,29 

1,32 

_ 

17,3 

14,6 

15,40 

1,20 

10,7 

5,30 

— 

23,4 

20,13 

8,61 

1,21 

9,9 

3,06 

— 

17,46 

22,36 

11,88 

1,44 

1,13 

1,63 

— 

13,1 

14,60 

18,00 

1,50 

4,9 

2,4b 

18,8 

20,6 

13,80 

16,80 

1,30 

11,3 

2.80 

17,9 

29,3 

IP, 80 

17,70 

1,20 

10,3 

2,80 

43,0 

?2,24 

15,13 

17,65 

1,36 

7,14 

2,63 

26,7 

16,75 

19,22 

19,23 

3,4* 

1,52 

1.52 

35,3 

6,9 

22,80 

4,60 

4,20 

13,00 

10,70 

— 

20,6 

21,06 

4,60 

1,10 

7,07 

2,40 

45,4 

■  IbpKa  muma  ■  nponojmnrrexwoon 
■enuTSHOt  oa  TCTtioixe 


3  .M*ayT  40  npnMoft  noporouKn: 
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7  Maayr  CO,  oOpaaoii  1: 

4  300 a  T0I70UD.I  . 

5  oToowenHH  c  iianpaBootoupix  Aonarox;  91  n  , 

5  OTjiwKouua  c  pa6o*iHx  oonaTox  . 

3  OTjiowonnn  c  TpyCox  pereaepaTOpa  .  .  .  , 

9  MacyT  60,  oCpaaea  2: 

4  3 00 a  T0IIA1IBB  . 

5  otaoikcwm  c  uaupaBJiflioiaHX  AOnaTOx;  73  <t  . 

fa  oTooweiiHH  c  paCoiHX  JionaTox  . 

8  otaojkohhh  c  TpyCoK  perouepaTopa  .  .  .  . 

11  MaayT  40  c  npucaflxoii,  oopaaen  1: 

12  ao.'ia  Tonjiuaa  1 . 

13  aooa  Tonoima  2  . . 

14  3008  Toil  AMD  (cpeflHUli  COCTBIl) . .  . 

5  OTAoateHHH  c  uanpaBAHioinHx  AouaTox;  204  <t 
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]  5  3<ua  Tonaaoa  3  . 

J  1|  aojia  toqjihb  (cpeAHHii  cocraa) . 
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1  7  -2 
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l8M«yr40  . 

4  mi  Tonxma  . . 


1) 

Fuel  grade  and  test  time 

10) 

Traces 

on  machine 

11) 

No.  40  mazout  with 

addi- 

2) 

Composition  of  ash  and 

tive,  specimen  1 

deposits,  %  by  mass 

12) 

Fuel  1  ash 

3) 

Straight-run  No.  4o  mazout 

13) 

Fuel  2  ash 

4) 

Fuel  ash 

14) 

Ash  from  fuels  (average 

5) 

Deposits  from  guide  vanes; 

composition) 

...  h 

15) 

No,  40  mazout  with 

addi- 

6) 

Deposits  from  buckets 

tive,  specimen  2 

7 ) 

No.  60  mazout,  specimen  1 

16) 

Fuel  3  ash 

8) 

Deposics  from  regenerator 

17) 

DT-2 

tubes 

18) 

No.  40  mazout. 

9) 

No.  60  mazout,  specimen  II 

TABLE  4.58 

Composition  of  Deposits  Formed  during  Combustion  of  Sulfur-Containing  and  Low-Sulfur  Mazouts 
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Fig.  4.25.  Appearance  of  3Khl3  steel  specimens  after  testing  on 
laboratory  model  machine  (gas  temperature  650°C,  time  5  h) :  l) 
before  testing;  2)  exposed  to  combustion  products  of  F12  mazout 
(V  =  056) ;  3)  same,  F5  mazout  (V  =  2.73%). 


stickier  and  tougher.  Gas  turbines  operated  on  Nos.  40  and  60  sul¬ 
fur-containing  mazcuts  fail  after  1-2  days  as  a  result  of  rapid 
deposit  buildup. 

temperatures  above  650°?,  deposit  formation  is  associated 
witn  the  presence  of  vanadium  [36].  It  is  assumed  that  when  the 
mazout  turns,  the  vanadium  is  converted  to  the  trioxide  VjC>3  (a 
black  oxide  with  weakly  alkaline  properties)  and  the  tetroxide 
V20<*  (a  blue-violet  oxide  with  amphoteric  properties),  and  that 
these  are  converted  to  V2Os  in  an  oxidizing  medium  at  temperatures 
below  1200°C  (the  latter  is  a  yellow  oxide  with  distinct  acidic 
properties).  At  temperatures  of  600-700°C,  ’•anadlum  pentoxide 
melts  and  is  deposited  on  the  heating  surfaces  cf  boilers  and  gas 
turbines.  Owing  to  its  adhesive  properties,  it  traps  and  bonds  the 
other  ash  elements  of  the  fuel.  Contact  between  vanadium  oxide  and 
sodium  may  result  in  the  formation  of  the  low-melting  vanadates 
N«vo,;  Nu,ViO,;  Na,VO<,  and  the  complex  vanadyl  vanadate  compound  Na20- 
v*04-sv»0*  ,  which  melts  at  625'C.  At  temperatures  below  600-650°C, 
the  chief  cause  of  deposit  formation  is  found  in  the  sulfates,  and 
the  sodium  sulfates  in  particular.  Vanadium  and  sodium  deposits 
cause  intensive  corrosion  of  metallic  surfaces  of  boilers  and  the 
in-stream  parts  of  gas  turbines. 

High-temperature  or  "vanadium"  corrosion  results  in.  acceler¬ 
ated  oxidation  of  metal  (Fig.  4.25)  or  intergranular  failure.  It 
appears  at  650°C  and  above  when  the  fuels  contain  1*1C"*<  of  vana¬ 
dium  or  more.  With  increasing  fuel  vanadium  ucntent,  the  tempera¬ 
ture  at  which  the  corrosion  appears  decreases  (Table  4.59). 

Corrosion  is  intensified  when  vanadium  and  sodium  are  present 
together.  The  egg^ers Irenes s  f  v^n^dium  is  manifested  most 
strongly  when  the  fuel  ash  contains  about  50%  of  it  and  at  the 
proportions  87*  V|0S  and  13*  Na204  (Fig.  4.26)  [35].  According  to 
Ye.E.  Evans,  the  corrosion  of  iron  alloys  becomes  most  intense  at 
a  13:1  vanadium-to-sodium  ratio  (%  by  mass).  Togethe-  with  the 
corrosion  increase,  the  static,  fatigue,  and  long, -term  strength 
and  plasticity  of  steels  decrease  simultaneously. 

In  steam  boilers,  vanadium  corr^sirn  is  s*loom  observed  at 
the  prevailing  steam  parameters;  che  recorded  cases  pertain  to 
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TABLE  4.59 

Temperature  of  Appearance  of  Vanadium  Corro¬ 
sion  as  a  Function  of  Vanadium  Content  in 
F5  Fleet  Mazout 


A 

Cnak 

|  B  Tmnrarypt  jkjkoto  *03paenmM  woppwawna 
|  nor»i»  (*  °C)np*  coacpwaann  knwu  b  rouiN,  X-10~* 

0 

1 

a 

a 

C  3H-437B . 

Hot  ao  8S0 

750 

660 

645 

620 

E  911*435 .  ........ 

FTo  m 

73j 

660 

645 

620 

qSH-602 . *. 

» 

700 

655 

640 

620 

A)  Steel 

B)  Temperature  of  sharp  increase  in  corrosion 
losses  (in  °C)  at  fuel  vanadium  content  of 

.  ....  %-10~9 

C)  EI-437B  F)  Same 

D)  None  up  to  850  0)  EI-602. 

E)  EI-435 


Na2S04,«Bic*  B 


Fig.  4.26.  Corrosion  of  EYalT  steel  as  a  function  of  V2C$:Na2S0«, 
ratio  (test  time  60  h) :  0)  corrosion  of  EYalT  steel  at  750°C  by 
natural  deposits  taken  from  bucxets  of  GT-600-1.5  and  boilers  op 
erated  on  sulfur-containing  fuels.  A)  Specimen  weight  loss,  %  by 
mass;  B)  f  by  mass. 


TABLE  4.60 


Chemical  Composition  of  High-Temperature  Steels  and  Alloys 
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E) 

Base 
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By  calculation. 

high-temperature  rapid  corrosion  of  steam-regenerator  tubing.  The 
high  corrosive  aggressiveness  of  vanadium  comes  into  evidence  when 
boiler  fuels  are  used  for  gas  turbines  (the  working  temperatures 
of  the  , in-stream  parts  are  600-800°C  and  higher).  In  this  case, 
the  rate  of  vanadium  corrosion  will  depend  not  only  on  the  vana¬ 
dium  content  in  the  mazouts  and  the  operating  temperature,  but 
also  on  the  chemical  composition  of  the  steels. 

Nickel-base  alloys  are  subject  to  considerably  less  vanadium 
corrosion  than  iron-base  alloys  (Fig.  4.27).  The  alloy  nimonic 
(which  has  a  nickel  base)  exhibits  the  greatest  stability  against 
vanadium  corrosion.  With  molybdenum  present  in  steels  (steel  EI- 
435).  corrosion  stability  drops  off  sharply.  Steel  EI-481  also 
shows  lower  than  normal  stability,  which  is  explained  by  its  con¬ 
tents  of  molybdenum  and  vanadium  and  its  high  carbon  content. 

Because  of  their  corrosion,  the  steels  listed  in  Table  4.60 
cannot  be  used  in  the  production  of  gas  turbines  to  operate  on  ma¬ 
zouts  with  high  vanadium  contents  at  gas  temperatures  of  700°C  or 
higher. 
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Pig.  4 . 27 .  Corrosion  of  nickel-  and  iron-base  steels  as  a  function 
of  vanadium  content.  Gas  temperatures  (°C):  1)  600;  2)  6 30 ;  3) 

680;  4)  800;  5)  850.  A)  Weight  loss,  mg/ cm2;  B)  EI-481  (iron);  C) 
vanadium  content  x  10“3,  1>\  D)  EI-435  (nickel). 


Vanadium  cox-rosion  is  inhibited  with  the  aid  of  special  addi¬ 
tives  and  by  diffusion  coating  of  steels.  MgO,  MgSCU,  clay,  ful¬ 
ler's  earth,  kaolin,  ammonia,  and  the  magnesium  salt  of  oxidized 
patrolatum,  which  is  soluble  in  the  fuel,  are  acknowledged  to  be 
the  best  additives.  Magnesium  additives  are  most  effective  in  the 
proportions  MgO:V  ■  4.5,  MgS0«,:V  *  9  or  Mg:V  *  3:1  [35,  37,  39, 

40].  Among  the  diffusion  coatings,  those  produced  in  siliconizing 
and  chroming  are  most  effective  [38,  4l], 

The  buildup  of  deposits  on  heating  surfaces  and  their  corro¬ 
sion  can  also  be  reduced  by  lowering  the  ash  content  of  the  ma- 
zouts  (by  a  factor  of  2-4)  by  scrubbing  the  fuels  with  water  and 
by  separation  using  deemulsifiers  [42].  This  lowers  ash  content 
for  the  most  part  by  lowering  the  sodium  and  calcium  contents.  The 
vanadium  content  is  practically  unaffected. 

Sulfur  Content  in  Liquid  BoMer  Fuel 

The  sulfur  content  of  mazouts  depends  on  the  sulfur  content 
in  the  crude  petroleum  (Table  4 . 6 1 ) . 

Sulfur  may  be  present  in  the  form  of  elementary  sulfur,  hy¬ 
drogen  sulfide,  and  various  organic  compounds  (mercaptans,  sul¬ 
fides,  disulfides,  etc.).  Much  smaller  amounts  of  the  most  aggres¬ 
sive  and  toxic  compounds  (hydrogen  sulfide,  elementary  sulfur  and 
mercaptans)  are  present  in  mazouts  than  in  the  crude  petroleum  or 
light  runnings.  The  contents  of  sulfur  compounds  In  mazouts  are 
shown  in  Table  4.62. 

When  sulfur-containing  fuels  are  burned,  intensive  corrosion 
of  heating  surfaces  is  observed  at  points  where  it  is  possible 
for  the  vapors  present  in  the  smoke  gases  to  condense  (downstream 
surfaces  -  air  preheaters,  water  economizers,  iron  smokestacks). 

In  this  case,  we  have  the  so-called  electrochemical  (or  sulfuric 
acid)  corrosion. 
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TABLE  1*  .61 


Sulfur  Content  in  Petroleums  and 
Products  Obtained  from  Them 
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TABLE  4.62 

Content  of  Active  Sulfur  Compounds  In  Ma- 
zouts  [14] 
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3) 
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Sulfur-containing 
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5) 

Elementary  sulfur 

10) 

Low-sulfur  mazout 

6) 

Volatile  mercaptan  sulfur 
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11) 

None . 

When  sulfur-containing  fuels  are  burned,  the  sulfur  is  con¬ 
verted  to  SO*;  however,  SOj  is  also  detected  in  combustion  prod¬ 
ucts.  The  conversion  of  S02  to  S0|  in  combustion  of  mazouts  repre¬ 
sents  from  3.2  to  7-4%  for  small  fireboxes  [43]  and  from  0.5  to 
4.0#  for  large  ones.  According  to  th?  literature  [44],  from  5  to 
9%  of  the  sulfur  present  in  the  fuel  is  converted  to  SO  .  When 
sulfur-containing  mazouts  are  burned,  the  SO*  content  in  the  smoke 


gases  (by  volume)  may  reach  0.005$.  SCN  formation  depends  on  the 
sulfur  content  in  the  fuel,  the  com':  .i".-  (load)  temperature,  and 
the  excess-air  ratio.  It  has  been  reported  that  SO*  formation  de¬ 
pends  on  the  catalytic  action  of  sulfates  and  iron  oxide,  as  well 
as  that  of  vanadium.  The  dependence  of  SO,  formation  on  fuel  sul¬ 
fur  content  and  temperature  is  shown  in  Pig.  4.28.  With  rising 
flame  temperature,  the  amount  of  SOj  first  increases  and  then  ap¬ 
proaches  a  constant  value  at  a  flame  temperature  above  1750°C; 
when  the  excess-air  ratio  is  increased  from  1.1  to  1.7,  oxidation 
of  SO2  to  SO*  is  doubled  [43]. 

o 

The  presence  of  SOs  in  the  smoke  gases  raises  the  effective 
initial  water-condensation  temperature  to  120>150°C  as  against  45- 
65° C,  which  corresponds  to  the  partial  pressure  of  pure  water 
vapor  in  the  combustion  products  [44],  Figure  4.29  shows  the 
smoke-gas  dew  point  as  a  function  of  sulfur  content  [45],  while 
Pig.  4.30  shows  it  as  a  function  of  sulfur  content  and  the  amount 
of  air  used  in  combustion. 


Fig.  4.28.  SO3  content  in  confcustion 


products  as  a  function  of  fuel  sulfur 
content.  Firebox  wall  temperatures:  1) 
1200°C;  2)  1600°C.  A)  Content  of  SO,  by 
volume  in  combustion  products,  $;  B) 
sulfur  content  in  fuel,  %. 
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Fig.  4.29.  Dew  point  as  a  func¬ 
tion  of  sulfur  content.  A)  Dew 
point,  °C;  B)  sulfur  content, 

%  by  mass. 


Since  the  rear  surfaces  of  boilers  (air  preheaters,  econo¬ 
mizers)  have  temperatures  equal  to  or  below  the  dew  point  of  the 
smoke  gases  from  sulfur-containing  mazouts,  it  is  on  these  sur¬ 
faces  that  most  of  the  sulfuric  acid  condenses.  In  the  presence 
of  deposits  or.  the  heating  surfaces,  the  acid  enters  the  deposits 
and  remains  there  in  the  form  of  free  sulfuric  acid,  which  pene¬ 
trates  to  the  surface  of  the  metal  and  intensifies  its  corrosion. 
Table  4.63  shows  the  free  sulfuric  acid  contents  in  deposits.  The 
rate  of  corrosion  under  exposure  to  3ulfuric  acid  depends  on  the 
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Tt)q*a  poet*,  °C 


t 


acid’s  concentration,  which,  in  turn,  depends  on  wail  temperature 
[**6,  47]. 

According  to  VTI  data,  insignificant  corrosion  takes  place 
when  sulfur-containing  mazouts  are  burned  with  a  wall  temperature 
of  65-105°C,  while  corrosion  is  intensive  at  temperatures  from 
110°C  to  the  dew  point  of  the  sulfuric  acid  and  below  65°C  [47, 
55]. 


Protection  of  the  heating  surfaces  by  raising  the  wall  tem¬ 
perature  also  raises  the  temperature  of  the  exhaust  gases  and 
lowers  the  efficiencies  of  boiler  plants  substantially.  Use  of 
corrosion-resistant  steels  for  the  rear  heating  surfaces  involves 
great  difficulty,  since  the  corrosion  rate  of  each  metal  may  be 
either  highest  or  lowest  at  a  given  acid  concentration,  and  the 
concentration  of  the  condensed  acid  is  not  constant  because  of  the 
varying  temperatures  of  the  heating  surfaces.  According  to  [48], 
the  high  alloys  inconel  and  carpenter  20  have  low  corrosion  rates. 
Steels  304  and  310  are  also  recommended  [49].  Among  the  less  ex¬ 
pensive  low-alloy  steels,  cor-ten  steel,  which  contains  up  to  97$ 
iron  and  small  additives  of  Mn,  Cr,  Ni,  and.  Cu,  has  Deen  suggested 
[45].  This  steel  has  good  resistance  in  the  H2SO4  concentration 
range  from  4c  to  90$,  i.e.,  under  conditions  similar  to  those  ac¬ 
tually  encountered.  The  compositions  uf  steels  are  shown  in  Table 
4.64. 


Little  study  has  been  given  the  influence  of  sulfur  on  the 
corrosive  aggressiveness  of  fuels  at  high  temperatures  (from  600°C 
up).  It  has  been  established  [50]  that  the  rates  of  corrosion  of 
most  high-temperature  alloys  by  the  combustion  products  of  distil¬ 
late  fuels  containing  up  to  1$  sulfur  are  even  somewhat  lower  than 
when  low-sulfur  fuels  are  burned.  Increasing  the  sulfur  content 
in  the  fuel  to  1. 4-1 ,6$‘ causes  3ome  intensification  of  corrosion. 
In  residual  fuels  with  vanadium,  isulfur  intensifies  the  vanadium 
corrosion  of'  iron  alloys,  while  not  affecting  the  corrosion  of 
nickel-base  alloys  [39]. 
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Chapter  S 

ADDITIVES  FOR  FUELS 


Additives  are  substances  added  to  fuels  in  small  quantities 
to  improve  their  use  characteristics  or  preserve  their  original 
properties.  One  or  more  additives  may  be  added  to  a  fuel;  a  given 
additive  may  improve  several  properties  of  the  fuel  (multifunc¬ 
tional  additives).  As  a  rule,  additives  are  introduced  in  small 
quantities  (fractions  of  a  per  cent);  some  additives  are  used  in 
quantities  of  1-2$  and  more. 

Addition  of*  additives  is  a  convenient  and  economical  way  to 
improve  the  qualities  of  a  fuel  and  sometimes  the  only  way  of  ob¬ 
taining  a  fuel  with  the  required  qualities. 

Additives  may  be  used  in  fuels  of  all  types:  aviation  and 
automotive  gasolines.  Jet,  diesel  and  boiler  fuels  (including  re¬ 
sidual  fuels),  and  rocket  fuels,  both  hydrocarbon  and  chemical 
Cl,  2]. 

Fuel  additives  must  meet  the  following  general  requirements: 

1)  complete  combustion  without  formation  of  deposits; 

2)  no  detrimental  influence  on  other  properties  of  the  fuel; 

3)  good  solubility  in  the  fuel  or  in  its  components  and  lim¬ 
ited  solubility  in  water; 

4)  stability  in  fuel  solutions  under  storage  and  use  condi¬ 
tions; 

5)  compatibility  with  other  additives  used  in  the  same  fuel. 
1.  CLASSIFICATION  OF  ADDITIVES 

A  classification  of  additives  appears  in  fable  5.1.  The  first 
two  groups  of  additives  -  those  that  improve  the  motor  propertle 
of  fuel  and  their  chemical  stability  -  are  used  most  extensively. 

The  relative  demand  for  the  basic  types  of  additives  can  be 
Judged  from  the  following  data  (tentative  calculations  for  1965 
for  the  USA,  thousands  of  tons)  [3]: 


TABLE  5.1 

Classification  of  Motor-Fuel  Additives 


Groups  and  types  of  additives  Type  of  fuel  in  which  ad¬ 

ditives  are  used 


I.  Additives  that  improve  fuel  motor  properties 


1.  Antiknock  additives 

2.  Predetonation  eliminators  ("de¬ 
posit  modifiers") 

3.  Additives  that  Improve  combus¬ 
tion  of  fuel  in  engines,  includ¬ 
ing  those  that  raise  cetane  num¬ 
bers 


Aviation  gasolines 
Automotive  gasolines 
Leaded  automotive  gaso¬ 
lines 

Jet  and  diesel  fuels 


II.  Additives  that  improve  stability  of  fuels 
during  storage,  shipment  and  use  in  engines 


1.  Antioxidants 

2.  Metal  deactivators  that  suppress 
catalytic  effect  of  metals  on 
oxidation  of  fuels 

3.  Dispersing  stabilizers,  which 
prevent  formation  of  insoluble 
residues  in  fuels 


All  types  of  fuels 
Same 


Jet,  diesel  and  boiler 
fuels 


Ml.  Additives  that  reduce  detrimental  effect  of  fuels 


on  apparatus  and 

1.  Anticorrosion  additives,  includ¬ 
ing  rust  inhibitors 

2.  Fuel-system  deposit  detergents 

3.  Additives  that  reduce  deposits 
and  wear  ir.  cylinder-piston 
group  of  engine 

4.  Vanadium-corrosion  inhibitors 
for  gas  turbines 

IV.  Additives  that  facilitate  use 

1.  Antiicing  additives 

2.  Fuel  crystallization  temperature 
depressors 

3.  Additives  that  prevent  formation 
of  ice  crystals  in  fuels 


mechan I  sms 

All  types  of  fuels 

Automotive  gasolines 
Diesel  and  jet  fuels 

Residual  fuels 

of  fuels  at  low  temperatures 
Gasolines 

Diesel  and  jet  fuels 
Aviation  fuels 


V.  Othwr  add! t ! ves 

1.  Dyes  Gasolines 

2.  Additives  that  prevent  accur.ula  Distillate  fuels 

tlon  of  static  electricity 

3.  Additives  that  prevent  mlcroor-  Jet  fuels 

ganism  spoilage  of  fuels 
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Antiknock  additives .  417.5 

Deposit  "modifiers" .  1.23 

Antioxidants .  3.713 

Metal  deactivators .  0.725 

Dispersing  stabilizers  (data  for  1961)  3.451 

Corrosion  inhibitors .  2.275 

Antiknock  additives  form  the  bulk  of  the  additives  used  be¬ 

cause  of  the  high  concentrations  in  gasolines,  and  also  because 
gasolines  predominate  in  the  total  consumption  of  motor  fuels.  Ad¬ 
ditives  that  correct  predetonation  ("deposit  modifiers")  are  in¬ 
tended  for  high-grade  automotive  gasolines,  the  production  and 
consumption  of  which  are  relatively  small-scale. 

Additives  that  improve  the  motor  properties  of  jet  and  diesel 
fuels  are  produced  in  much  smaller  quantities. 

Among  group  II  additives,  the  antioxidants  are  encountered 
most  commonly;  they  have  been  in  use  for  more  than  30  years.  The 
remaining  additives  of  this  group  were  developed  later.  Among  the 
group  III  additives,  which  reduce  the  harmful  effects  *f  the  fuel 
on  apparatus  and  mechanisms,  the  anticorrosion  additives  a. e  most 
important  and  most  extensively  used;  chief  among  them  are  the  rust 
inhibitors,  which  have  the  important  function  of  protecting  engine 
fuel  apparatus  and  pumping  and  shipping  facilities. 

Among  the  additives  of  group  IV,  whlcn  facilitate  use  of 
fuels  at  low  tenqperatures ,  the  aviation-fuel  additives  that  pre¬ 
vent  formation  of  Ice  crystals  are  most  Important. 

Additives  that  prevent  accumulation  of  static  electricity 
have  come  into  use  comparatively  recently;  their  action  Is  based 
on  improvement  of  the  conductivity  of  the  fuels.  Very  recently, 
additives  with  bactericidal  properties  have  made  their  appearance; 
their  development  was  prompted  by  establishment  of  the  detrimental 
effect  of  the  vital-activity  products  of  microorganisms  present  in 
hydrocarbon  fuels  [4]. 

2.  ADDITIVES  THAT  IMPROVE  MOTOR  PROPERTIES  OF  FUELS 
Antiknock  Additives 


Additives  of  this  group  include  substances  that  improve  the 
fuel-combustion  process  in  the  engine,  prevent  detonation  (anti¬ 
knock  additives),  facilitate  spontaneous  Ignition  of  the  fuels  in 
diesel  engines  (raise  cetane  number),  and  others. 


On  addition  of  antiknock  additives  to  a  fuel,  Its  stability 
against  detonation  rises.  The  relative  pffertiveness  of  antiknock 
components,  supplements  and  additives  is  shown  in  Table  5.2.  The 
first  antiknock  to  come  into  extensive  nractical  use  was  tetra¬ 
ethyllead. 
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TABLE  5.2 

Relative  Effectiveness  of  Antiknock  Addi¬ 
tives  [5] 


Ccmpmu* 


2 


jOnwawtm— 


pEeno* 

OTojiyoJi 


i  oufiomif  k 


ojyox  . 

lOlM  ........ 

mnoBufl  caapr  .  .  .  . 

9flo6*aaE 


a 


lOTo^yiAia .  C,H4(CH*)NH» 

IJAhm** . .  C,H|NH. 

13(cumn  .............  C,H,(CH,),NH, 

13npnc»a*a 

1  ifrerpaxapSoHan  mwefla .  Ni(CO), 

1 5neHTaK*p5o;>E  atJM .  FWCO), 

1  DTeTpaaTBacBHHen  .  Pb(C,H,)« 


1)  Compound 

2)  Formula 

3)  Relative  effec¬ 
tiveness  with 
respect  to  ben- 

4)  Components 

5)  Benzene 

6)  Toluene 

7)  Xylene 

8)  Ethyl  alcohol 


!))  Supplements 

10)  Toluidine 

11)  Aniline 

12)  Xylidine 

13)  Additives 

14)  Nickel  tetracar- 
bonyl 

15)  Iron  pentacar- 
bonyl 

16)  Tetraethyllead. 


Te traethyllead 

Tetraethyllead  [TEL]  (T3C)  is  a  colorless*  transparent  liquid 
that  is  heavier  than  water.  Its  properties  are  listed  in  Table  5.3. 

The  first  portions  added  to  the  fuel  have  the  greatest  ef¬ 
fect;  when  more  is  added,  the  octane  numbers  of  gasolines  increase 
only  insignificantly  (Tables  5.4,  5.5  and  Fig.  5.1). 


The  receptiveness  of  fuels  to  TEL  depends  substantially  on 
their  content  of  sulfur  compounds.  In  themselves,  the  sulfur  com¬ 
pounds  have  practically  no  influence  on  the  antiknock  properties 
of  hydrocarbon  mixtures,  but  the  effectiveness  of  TEL  in  hydrocar¬ 
bon  mixtures  containing  sulfur  is  sharply  lower.  Sulfur-organic 
compounds  lower  the  effectiveness  of  TEL  to  different  degrees,  de¬ 
pending  on  their  structure  (Fig.  5.2),  but,  on  the  average,  at  a 
sulfur  concentration  of  0.05X,  about  half  of  all  of  the  TEL  added 
is  used  unproductively  in  reactions  with  sulfur-containing  organic 
compounds  (Fig.  5.3).  The  fraction  of  the  TEL  expended  in  reac¬ 
tions  with  sulfur-organic  compounds  remains  constant  regardless  of 
the  total  TEL  concentration  (Table  5.6). 
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TABLE  5.3 

Physical  Properties  of  Lead  Antiknock  Addi 


tives  and  Scavengers  [5 

i,  6] 

j)oi<aMTenit 

o'  1 

3 

TMC 

** 

5 

6 

BpOOTH 

OTWft 

RaflpoM* 

flBflPO*- 

■ 

mn 

t*xu~ 

Pdtopityjt  .... 

(C,Hs)4Pb 

QH.Br, 

yw 

'‘MoJiexyajtpuuA 
see . 

323,45 

267,35 

108,98 

! 

187,88 

201,91 

162,61 

]  OriJioTBOCTb  npi 

20s  C,  t/ck*  .  . 

1,652 

1,995 

1,431 

2,180 

1,933 

1,194 

UTeuaepaTypa,  »C: 

1 2  KsneHu  .  . 

200 

110 

38 

132  J 

142 

259 

1  3  uaaBJieBHH 

1  i)flaeneHH8  hbcm 
nOHUbix  napoa 
no  Peflay  opt 
20°  C,  pm. 

cm . 

-130 

-28 

-118 

+10 

-56 

-20 

0,3 

26,5 

’ 

399,0 

1 

,8.7 

5.8 

1.0 

?„ndex 

TEL 

Tetramethyllead  [TML] 
(TMC) 

Ethyl  bromide 

Dibromoethane 

Dibromopropane 

a-monochloronaphthalene 

Formula 

Molecular  weight 


10)  Density  at  20°C,  g/em3 

11)  Temperatures,  °C 

12)  Boiling  point 

13)  Melting  point 

1*0  Reid  saturation  vapor 

pressure  at  20°C,  mm  Hg. 


B  CodepxaHue  jmaacBoH 
jKudxocmu,  nM/tet 

Fig.  5.1.  Increase  in  octane  and  performance  numbers  (on  rich  mix 
ture)  on  addition  of  R-9  ethyl  fluid  to  B-100/130  aviation  gaso¬ 
line  [7,]:  1)  performance  number;  2)  octane  number.  A)  Octane  num¬ 
ber;  B)  content  of  ethyl  fluid,  ml/kg;  C)  performance  number. 


B  CoSepXQHLH  PS,  HJl/Kt 


Fig.  5.2.  Octane  number  (motor)  of  isooctane-heptane  mixture  as  a 
function  of  tetraethyllead  concentration  [9]:  1)  without  sulfur; 
2)  ir.  presence  of  0.05X  sulfur  (experimental  data  on  all  sulfur- 
organic  compounds  fit  into  the  shaded  region) .  A)  Motor  octane 
number;  B)  R-9  content,  ml/kg. 


B  COuee  codepxs»ui  rx. 
nn  p-9  no  in 


Fig.  5-3.  Amount  of  "active”  tetraethyllead  .3  a  function  of  total 
tetraethyllead  concentration  in  fuel  [9]:  -  without  sulfur;  2) 
with  isoamylmercaptan,  0.05*  S;  3)  average  values  for  all  sulfur- 
organic  compounds  (0.05<  S);  4)  with  benzylmercaptan,  0.051  S.  A) 
Active  TEL  content,  ml  of  R-9  per  1  kg;  B)  total  TEL  content,  ml 
of  h-9  per  1  kg. 
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TABLE  5.4 

Receptiveness  of  Certain  Hydrocarbons  and 
Gasolines  to  TEL  [7,  81 


Towum 


4  M-rrana  5 

6  IfoOOXTM  7 

8  AflKHJifeoaox  Q 

10  Ajuoumt  ll 

1 2  Eensns  E-70  na  6a«aa- 
atm  He^Teft 

1 4  Eenaun  npwMoft  neperoH- 
.  kh  na  moanenaaix 
-  netjuei 

lo  Eouaan  KarajinTHiecKoro 
Kpennura  (flayicTyneu- 
xatoro) 


yraeaonoposu,  npeotUa-; 
saiomee  a  oponymax 


3  OKTMOIM  BBCX9  (MOTopiod 
MToa)  ngu^notUMtHHM 


0,82  1,64  2,46  8,28  4,10 


Hopaaxbrae  napajm*  0  30  44  55  60  - 

some 

napa^HHOBHe  aao-  100  105  108  110  112  -- 

CTpOdHSS 

ApoManraecxae  06  93  99  100  101  101 

napa$UBOBU6  nao-  01  07  101  103  105  >06 

crpoeHBS 

Ha$Teno*ue  13  70  80  85  87  88  89 

IIapa$nHOBue  15  59  73  79  83  84  85 

n^pl^HiiOBue  (52%)  78  84  88  91  04  95 

x  apokiaTuqecKse 

(^594) 


1)  Fuel 

2)  Hydrocarbons  predominating  in  the  prod¬ 
ucts 

3)  Octane  number  (motor)  on  addition  of  ... 
g/kg  of  TEL 

4)  71  -heptane 

5)  Normal  paraffinics 

6)  Isooctane 

7)  Isoparaffins 

8)  Alkyl  benzene 

9)  Aromatics 

10)  Alkylate 

11)  Isoparaffinics 

12)  B-70  gasoline  from  Baku  petroleums 

13)  Naphthenics 

x- )  Straight-run  gasoline  from  Groznyy  oe- 
troleums 

15)  Paraffinics 

16)  Catalytic-cracking  (two-stage)  gasoline 

17)  Paraffinics  (521)  and  aromatics  (350. 
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TABLE  5.5 

Receptiveneas  of  Components  of  Automotive  Gasolines  to  TEL  [7] 


A 
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d  oocra«i  % 
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BOOTMi  *C 
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ft 
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s 
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8 

1 

33 

58 

55 

81 

128 

170 

201 

0,043 

40 

48 

55 

61 

8 

0  lift  XpaCHOKtMCKOfi  m$T*  .... 

5 

1 

30 

64 

53 

80 

118 

161 

181 

Offl 

48 

56 

61 

66 

8 

P  M  cpeanMiBiTCXofl  He$rx  .  .  . 

4 

1 

10 

76 

52 

8i 

113 

148 

172 

0,04 

55 

65 

71 

73 

10 

Q  »  XJIbCKOft  H6$TM . 

4 

1 

63 

33 

48 

75 

107 

140 

164 

0,024 

50 

60 

74 

77 

10 

R  »  xoflMweHCJWi  Httjrra  .... 

3 

1 

SO 

37 

40 

62 

03 

114 

164 

0,004 

64 

75 

70 

82 

11 

S  TepnaiecKoro  xp«xnHra: 

T  napafxnxcroft  h*4>t»  ...... 

1 

40 

15 

44 

52 

80 

182 

165 

207 

0,27 

65 

70 

72 

73 

5 

b  xa^TenoBoi  b«$yx . 

3 

33 

31 

33 

46 

81 

130 

'88 

204 

PM 

W 

75 

70 

80 

4 

VKanuiRTiiecxoro  xpaxxxra: 

W  nxMoro  cupu . . 

23 

22 

12 

43 

72 

05 

132 

152 

206 

081 

76 

78 

80 

80 

2 

X  sarxoro  cupan . 

33 

12 

44 

21 

60 

71 
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176 
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- 

77 

82 

84 

66 

5 

Y  K»TMrrx^*axoro  px^opwaara  (aatar- 

^opxxxra)  . . 

43 

1 

8 

48 

M 

87 

118 

154 

183 

iU0Q2 

n 

82 

85 

m 

5 

A)  Gasoline 

B)  Group  hydrocarbon  compo¬ 
sition,  % 

C)  Aromatic 

D)  Qlefinic 

E)  Naphthenic 

F)  Paraffinic 

G)  Fractional  composition, 

H)  Start  of  boiling 

I)  End  point 

•T)  Sulfur  content,  % 

K)  Motor  octane  number  on 
addition  of  . . .  g/kg  of 
TEL 

L)  Increase  in  octane  number 
on  addition  of  0.^1  g  of 
TEL  per  1  kg 


M)  Straight-run 

N)  From  Tuymazy  petroleum 

O)  From  Krasnokamsk  petroleum 

P)  From  Central  Asian  petro¬ 
leum 

Q)  From  Il’skiy  petroleum 

R)  From  Khodyzher.sk  petroleum 
C  S)  Thermal-cracking 

T)  Paraffin-base  petroleum 

U)  Naphthene-base  petroleum 

V)  Catalytic-cracking 

W)  Heavy  crude 

X)  Light  crude 

Y)  Catalytic  reforming  (plat¬ 
form  process). 
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TABLE  5.6 

Influence  of  Sulfur-Organic  Compounds  ( 0.05 %  S)  on  Tetraethyllead 
Receptiveness  of  a  Mixture  of  56^  Isooctane  +  44£  Heptane  [9] 
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673 

54 

663 

50 

65,0 

42 

673 

57 

13  .... 

76,1 

683 

42 

67,9 

70,9 

56 

703 

55 

703 

55 

693 

50 

67,9 

39 

703 

55 

3,0  •  •  »  • 

82,0 

73,4 

37 

74,3 

40 

76,1 

48 

77,4 

53 

77,0 

52 

76,0 

48 

733 

38 

— 

— 

A  cpefl. 

41 

39 

51 

55 

54 

50 

40 

• 

59 

•Here  and  below,  the  TEL  concentration  is  given  in  ml  of  R-9 
ethyl  fluid  (1  ml  of  R-9  ethyl  fluid  contains  0.82  g  of  TEL). 

••Octane  numbers  determined  by  motor  method. 

***A  is  the  percentage  of  active  TEL  -  a  quantity  calculated  by 
the  formula 


•  tor 


where  C->  is  the  practical  TEL  concentration;  C  is  the  TEL  concen¬ 
tration  found  from  the  actual  octane  number  according  to  the  TEL 
receptiveness  curve  of  the  same  fuel  without  sulfur  compounds. 


1) 

Concentration  of  ethyl 

C) 

PropylmercaDtan 

fluid,*  ml  of  R-9  per 

7) 

Isoamylmercaptan 

1  kg 

8) 

Diethyl  sulfide 

2) 

Octane  number**  without 

9) 

Diisoamyi  sulfide 

sulfur 

10) 

Dibutyl  disulfide 

3) 

Octylmercaptan 

11) 

Thiophane. 

4) 

Octane  number 

8) 

Benzylmercaptan 
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Pig.  5.4.  Influence  of  sulfur  concentration  on  amount  of  active 
TEL  "A"  [9]  in  mixture  of  hydrocarbons  with  benzylmercaptan  (40$ 
toluene,  3055  heptane,  20$  diisobutylene  and  10$  isooctane).  A)  Ac¬ 
tive  TEL  content,  ml  of  R-9  per  1  kg;  B)  sulfur  content,  $. 


Fig.  5.5.  Influence  of  sulfur  concentration  on  amount  of  active 
TEL  "A"  [9]  in  mixture  of  hydrocarbons  with  diethyl  sulfide  (40$ 
toluene,  30$  heptane,  20$  diisobutylene  and  10$  isooctane).  A)  Ac¬ 
tive  TEL  content,  ml  of  R-9  per  1  kg;  B)  sulfur  content,  $. 


F!g  5.6.  Decrease  in  TEL  receptiveness  as  a  function  of  sulfur 
concentration  for  an  arbitrary  gasoline  with  average  sulfur-or¬ 
ganic  compound  composition  [9].  A)  Loss  of  receptiveness  to  TEL, 
$:  B)  sulfur  content,  $. 


The  first  portions  of  the  sulfur  compounds  cause  the  greatest 
loss  of  TEL  effectiveness  (Figs.  5.4  and  5.5). 

Figure  5.6  shows  the  decr-ase  in  TEL  receptiveness  as  a  func- 
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tion  of  sulfur  concentration  for  a  conventional  fuel  with  average 
sulfur-compound  composition  ( 50$  sulfides,  15 %  disulfides,  15$ 
thiophenes  and  thiophanes,  10%  mercaptans  and  10$  polysulfides). 
Sulfur-organic  compounds  also  lower  TEL  detonation  resistance  dur¬ 
ing  storage  of  fuels.  The  decrease  in  TEL  effectiveness  due  to 
sulfur-organic  compounds  does  not  depend  on  the  hydrocarbon  compo¬ 
sition  of  the  fuels. 

The  receptiveness  of  gasolines  to  TEL  is  also  lowered  by  cer¬ 
tain  halides  (Table  5-7),  phosphorus  and  other  compounds  [10,  11]. 

Tetraethyllead  cannot  be  used  in  pure  form  as  an  antiknock 
additive  for  gasolines  because  the  products  of  its  combustion  set¬ 
tle  and  accumulate  on  combu3tion-chamber  walls  in  the  form  of 
scale  and  the  engine  stops  running  after  a  certain  time.  Halogen 
confounds  -  the  so-called  scavengers  (Table  5.8)  are  used  to  re¬ 
move  the  products  of  TEL  combustion  from  the  combustion  chambers. 
Bromine-containing  scavengers  have  come  into  widest  use,  since 
their  effectiveness  has  been  found  to  be  higher  than  that  of  com¬ 
pounds  containing  chlorine  (Fig.  5.7).  Increasing  the  number  of 
bromine  atoms  in  the  alkyl  bromide  molecule  increases  its  effec¬ 
tiveness  as  a  lead  scavenger  (Fig.  5.8). 


Fig.  5-7.  Influence  of  scavenger  concen¬ 
tration  on  buildup  of  deposits:  1)  dibro- 
mometnanes;  2)  dichloroethano.  A)  Amount 
of  deposits,  gj  B)  scavenger  content, 
mmole/kg. 
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Fig.  5.8.  Tnfluence  of  degree  of  bromine  substitution  for  hydrogen 
in  scavenger  molecule  on  deposition  of  lead  in  engine  combustion 
chamber  [12],  A)  Lead,  %  of  quantity  introduced  with  fuel;  B)  num¬ 
ber  of  bromine  atoms  . 


t 


TABLE  5.7 


Influence  of  Organic  Chlorides  on  Octane  Num¬ 
ber  of  Leaded  Isooctane  [13] 


1 

noa«M*emit  eoearaemn  uiopa 

Rofeut- 
p  HO 
ZJIOpt, 

•3  OKTuotot  «ue 

J  (urros  l-C) 

0  >  ju  muioMA 
wwnoen  hi  <  m 

TOOIUM 

4 

nouatmcM 

QKTTMICOOrO 

5  Bod  acSas/ieua*  . 

11M 

Cu*-npoca/>xnopM . 

o,« 

112,1 

1.4 

7H-EyTijjijc’Topnft  .  . . 

0,1 

112,7 

03 

Qmpem-^ymaxMphA . 

0,1 

105,4 

8,1 

Q(*-'AMB.1XJIOpiia  .  . . 

0,1 

112/} 

13 

pm/w.^-AMHJTXJiopii*  ....... 

0,0009 

113,6 

03 

lTo  aw . 

0,01/92 

112/) 

0,6 

»  . 

0,0922 

104/) 

93 

1) 

Chlorine  compounds 

added 

6) 

n-propyl  chloride 

2) 

Chlorine  added,  X 

7) 

n-butyl  chloride 

3) 

Octane  number  (method  1-S) 

8) 

tert-butyl  chloride 

with  3  ml  of  ethyl 

fluid  per 

9) 

n-amyl  chloride 

1  kg  of  fuel 

10) 

tert- amyl  chloride 

*0 

Decrease  in  octane 

number 

11) 

same . 

Without  additive 

TABLE  5.8 

Influence  of  Scavengers  on  Deposit  and  Lead 
bustion  Chamber  [12] 


Buildup  in  Engine  Com- 


1 

Coen*  aimwiOMToia 

2 

KoonecTso  wtps,  eamvra  e  km  sot 
aim  ■  ramp*  rreptau,  »/#,  * 

7 

& 

i. 

ft 

1(8. 

§1 

■8. 

!!. 

§ 

is 

■  n 

%>  u 

i§ 

is. 

ll 

! .  9 

a 

ii 

ill’ 

"Sc 

w, 

in. 

1 

10 

KoamecTM 

earning 

OTSOKIIMO*- 

mu  a  aimpi 
eroptsnu 

>  MJU 

aanpt 

f  12 

s 

3*5 

n 

n 

|S 

n* 

3 

DopmcHk 

1 

1 

BwnrCK' 

■on 

MUHMM 

5 

•nyewaoi 

vmmm 

6 

roaotrat 

Wiqpi 

11 

• 

% 

I  TSC  Gea  Bkiuocnve.ni . 

0,41/0,5 

331/50,7 

0,05/03 

2,66/423 

6,33 

8435 

523 

534 

10,10 

8930 

J  'ITOC  (l  6pomicnu9  mu 

(2  Mat) . 

0.50/173 

0,40/133 

0,15/5,2 

134/63.7 

239 

5430 

533 

138 

237 

9733 

.1 1 2 3 * 5 6  iT3C(l  «*4»)  -fgitipoMma  (1  mca*) 

034/133 

036/14,1 

03V173 

130/563 

236 

5536 

50,1 

1.41 

231 

•7,19 

]  (To  m . 

037/4,1 

031/24,1 

0,17/103 

136/613 

1,70 

6230 

553 

137 

136 

96.17 

1)  Composition  of  antiknock  7) 

agent 

2)  Amount  of  deposits  taken  8) 

from  each  part  In  combus¬ 
tion  chamber,  g/g,  9) 

3)  Piston 

k)  Exhaust  valve 

5)  Intake  valve  10) 

6)  Cylinder  head 


Total  amount  of  deposits 
in  combustion  chamber,  g 
Lead  content  in  combustion- 
chamber  deposit,  t 
Quantity  of  lead  intro¬ 
duced  with  gasoline  dur¬ 
ing  engine  operation,  g 
Amount  of  lead  -leposited 
in  combustion  chamber  as 
scale 
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11) 

g 

15) 

TEL  (1 

mole)  +  dibromo- 

12) 

Amount  of  lead  removed 

ethane 

(1  mole) 

from  engine,  % 

16) 

Same . 

13)  TEL  without  scavenger 

14)  TEL  (1  mole)  +  ethyl  bro¬ 
mide  (2  moles) 


Eth\,  1  fluid  is  a  mixture  of  TEL  with  a  scavenger  (see  Table 
5.9)*  T' ..  is  poisonous,  and  adding  it  to  gasoline  increases  their 

toxiclt  To  prevent,  accidents  resulting  from  irregular  use  of 

leaded  .  o lines,  it  is  mandatory  that  they  be  colored.  For  this 

i  urpose,  lye  is  added  to  ethyl  fluid.  During  storage,  TEL  is 

subject  - oxidation  and  decomposition  (Table  5.10);  hence  an  an¬ 
tioxidant  is  introduced  into  the  ethyl-fluid  composition  (see 
Tao  5.9). 


TABLE  5.9 

Composition  of  Ethyl  Fluids  [8,  14] 


^  KoMnouenm 

[  2  Mapi<a  arunoaol  xuiaKaeia 

3  p‘* 

4  J-TC 

j  5  n‘* 

6  T3C,  Mac.  %,  uo  uenee  . 

54.0 

58.0 

55,0 

[  CpoMncTufi  ania,  Mac.  %,  He  Meuee 

33.0 

— 

8  .IndpoMarau,  uac.  %,  ue  beuee  ,  .  . 

— 

33,0 

— . 

9  UndpoMnponan,  uac.  %,  ue  uenee 

— 

— 

34.4 

10  a-MonoxiopnaijiTaaM,  Mac.  %  .  .  . 

6,8*03 

— 

53 

11  Kpacuiean,  uac.  %  . 

1 2  AinnoKnc.’iiiTeflb  (n-OKcn.m jiCHHa- 

0.1 

03 

0.1 

aunn).  uac.  % . 

0,02-0,03 

0,02-0.03 

0,02-0,03 

1  j  Hano.nmveflb  (l-cpocHH  nau  CeiiSHH) 

p.40craabnoe  Koaa'iecTBo  i 

(AO  100%) 

1) 

Component 

2) 

Type  of  ethyl  fluid 

3) 

R-9 

4) 

1-TS 

5) 

P-2 

6) 

TEL,  %  by  mass,  no 
than 

less 

7) 

Ethyl  bromide,  %  by 
no  less  than 

mass 

8) 

Dibromoethane,  %  by 
no  less  than 

mass 

9) 

Dibromopropane,  %  by 
no  less  than 

mass 

10) 

a-monochloronaphthalene , 

%  by  nu  ss 

11) 

Dyes ,  %  by  mass 

12) 

Antioxidant  (p-hydroxydi- 
phenylamine) ,  %  by  mass 

13) 

Thinner  (kerosene  or 
line) 

gaso 

14) 

Remainder  (to  1005O. 

TABLE  5.10 


Oxidation  Stability 
1  ’ 

CraSuMUTop 


5  r.M  CTatHOMTOp* . 

6  N-rwep-CyTaatMHCM^MOJi  .  . 

7  To  we . 

u  *  . 

0  npUDOAliul  KPMOJ  . 

')  a-M$T04  . 

10  •  ■ 
I  1  H-UllPpODBJi-n^PKBJIPDflaikRl. 

1.: 

7  To  wo . 

•  . 


of  Tetraethyllead  [15] 


"i 

‘KOIlOtH-  - 
Tjxttllia, 

<  na  3  ju 

TOC 

*l«WO  RNel, 
aeofltonnxux 
ana  cCpaaoia- 
naa  aaaaworo 
omam 

4  Hooanacrao 
oeaaxa,  aCpaio- 

Mantroea  aapM 
11  aaa. 

aiullw  TOC 

_ 

<3 

1563 

0.06 

<3 

703 

0.1 

<3 

603 

0.5 

<3 

403 

0.06 

4 

543 

0,025 

7 

813 

0,06 

55 

— 

0,06 

37 

>00  A 

0,06 

>« 

,13H*» 

0,5 

68 

» 

0.5 

66 

* 
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1) 

Stabilizer 

6) 

N-ae  o-butylaminophenol 

2) 

Concentration,  g  to  3  ml 

7) 

Same 

of  TEL 

8) 

Natural  cresol 

3) 

Number  of  days  necessary 

9) 

o-naphthol 

for  formation  of  visible 

10) 

Di-tert-butyl-p-cresol 

sediment 

11) 

n -dipropy 1-p-pheny lenedi - 

4) 

Amount  of  sediment  formed 

amine 

after  33  days,  mg  to  33 

12) 

2 , 4-dimethyl-6-tert-butyl- 

ml  of  TEL 

phenol 

5) 

No  stabilizer 

13) 

None . 

Ul 


*0  SO  100 

B  Seen*  uctmmoHUP,  * 


Pig.  5.9.  Change  in  spark-plug  resistance  as  a  function  of  test 
time  [22]:  1)  leaded  gasoline  without  additive;  2)  leaded  gasoline 
with  tricresyl  phosphate  added  (spark  plug  performs  satisfactorily 
as  long  as  its  resistance  remains  above  the  value  indicated  by  the 
broken  line).  A)  Plug  resistance,  megohms;  B)  test  time,  h. 


B  Bptnt  patomy,  v 

Fig.  5.10.  Influence  of  additive  containing  boron  on  gasoline  oc¬ 
tane  number  required  for  automobile  engine  [29]:  1)  without  addi¬ 
tive;  2)  with  butylboron  additive;  3)  experiment  continued  without 
additive.  A)  Required  octane  number;  B)  running  time,  h. 
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Pig.  5.11.  Resistivity  of  deposits  with 
various  chemical  compositions  as  a  func¬ 
tion  of  temperature  [21].  A)  Resistiv¬ 
ity,  megohms;  B)  temperature,  °C. 


TABLE  5.11 

Fuel  Octane  Numbers  [21]  ax^ter  Running  En¬ 
gine  on  Fuel  Containing  Phosphorus  Additive 
(1100-2400  km  Traveled) 


ill  B 


r.lo« 

2**3 

fill 


iM 

iHl 

Ipi? 

5I3S& 


HI! 

I||il 

ill! 

ol3sS 


1  90 

2  90 

3  92 

4  94 


5  94 

6  96 

7  96 

8  94 


86  8 

88  8 

96  0 

92  2 


A)  Vehicle  number 

B)  Required  gasoline  octane  number  for  pre¬ 
viously  used  engine 

C)  Gasoline  octane  number  for  engine  after 
operation  on  fuel  with  phosphorus  addi¬ 
tive 

D)  Lowering  of  octane  requirement. 


TABLE  5.12 

Influence  of  Lead  Compounds  on  Spontaneous 
Ignition  Temperature  of  Deposits  [21] 


Octal  oT.noMitHBl  •  . 

yrtiepoa 

yrncpoA+ciKHnuio- 

y  rttepoa  +  cmiiioio- 

(cawi) 

SpotiucTbie  coean- 

$oe$opm»  oo«i- 

1 

2 

xeuuft 

--  - 

4 

5Teuoep*Typa  Bociuuueuemu 
OT.ioweimi,  »C . 

500 

209-  230 

350-470 

Composition  of  deposits 
Carbon  (soot) 

Carbon  +  lead-bromine 
compounds 


Carbon  +  lead-phosphorus 
compounds 

Spontaneous  ignition  tem¬ 
perature  of  deposits,  °C. 
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Even  in  the  presence  of  scavengers,  use  of  TEL  as  a  gasoline 
antiknock  additive  results  in  veavy  deposit  formation  (see  Table 
5.8),  especially  in  modern  automotive  engines  with  high  compres¬ 
sion  ratios  (9  to  12).  As  a  result  of  formation  of  the  lead  de¬ 
posit  in  the  combustion  chamber,  incandescent  particles  appear  and 
may  cause  detonation  of  the  mixture.  Such  uncontrolled  ignition 
causes  power  losses,  rough  running,  noise  and  an  increase  in  the 
rate  of  engine  wear  [14,  16-21].  Lead  scale  on  spark-plug  elec¬ 
trodes  may  short-circuit  them  [21-23]. 

The  performance  of  high-compression  engines  using  leaded 
gasolines  is  improved  by  the  use  of  additives  that  contain  phos¬ 
phorus  or  boron  (Pigs.  5.9-5.11  and  Table  5.11). 


The  smaller  number  of  cases  of  uncontrolled  ignition  in  the 
presence  of  phosphorus  additives  is  explained  by  the  fact  that 
lead-phosphorus  complexes  lower  the  ignition  temperature  of  carbon 
to  a  lesser  degree  than  do  lead-bromine  compounds  (Table  5.12). 

Tetramethyllead 

Use  of  TEL  in  engines  with  moderate  compression  ratios  and  in 
gasolines  with  moderate  octane  ratings  and  moderate  aromatic  con¬ 
tents  is  more  effective  than  the  use  of  TML  (Table  5.13).  In  high- 


TABLE  5.13 

Antiknock  Effectiveness  of  Alkyllead  Com¬ 
pounds  when  Added  to  Automotive  Gasolines 
(According  to  F.B,  Ashbel',  A.L,  Gol'aohteyn 
and  K.N.  Fastova) 


A 

A.iiwiciauKoioe  cowoueasa 

OKTiHosoe  ncao  e  soOMMaia  conn a— a, 
g  «M/a 

0,0  |  0,0025  |  0,0050 

C  E  e  h  a  a  b,  oCpasan  1 


D  TcTpaueTHJicBBfleii  .  . 
E  TcipB3Tn.lCBaHB5  .  .  . 
F  TerponaoupoDHacBBHeu 


57,2 
57  2 
57  2 


62.0 

64,6 

63,4 


644 

7 02 
66,6 


G  Basin,  ofipaaaa  2 


TeipaMCTa.icanaeit  .  . 
OTn.npnMcrnJiCBiiBen  . 
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J  Tpimii.iMOTHJiCBnuBa  , 

t  TcTpawnacainaa  .  .  . 


558 

624 

558 

63,0 

558 

63.0 

558 

65,0 

558 

643 

65;0 

67,0 

674 

684 

682 


A) 

Alkyllead  compound 

F) 

Tetraisopropyllead 

B) 

Octane  number  with  . . . 

G) 

Gasoline,  specimen  I 

mole/kg  of  compound  added 

H) 

Ethyltrimethyllead 

C) 

Gasoline,  specimen  1 

I) 

Diethyldlmethyllead 

D) 

Tetrame  thy  Head 

J) 

Triethylmethy  Head . 

E) 

Tetraethyllead 
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TABLE  5.14 


Influence  of  Quantity  ui  Aromatic  Hydrocar¬ 
bons  in  Gasolines  on  Relative  Effectiveness 
of  Tetramethyllead  [TML]  (TMC)  [25] 


^Conepmauie 

(pOMTBteCKBX 

yrJieaonopo- 
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b  O^aannaxi 
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13 
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0,1 

0,7 

03 

32,0 

993 

873 

-0,1 

0,7 

03 

28,0 
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03 

03 

03 

16,0 

99,2 

87,4 

-13 

0,1 

03 

A) 

Content  of  aromatic  hy¬ 
drocarbons  in  gasolines, 

% 

E) 

Improvement  of  antiknock 
properties  (difference  be¬ 
tween  octane  numbers  of 

B) 

Octane  number  with  0.8 
ml/liter  of  TEL 

gasolines  with  TML  and 

TEL) 

c) 

D) 

Research  method 

Motor  method 

P) 

Road  method. 

TABLE  5.15 


Comparative  Antiknock  Effectiveness  of  TEL 
and  TML  in  Reforming  Gasoline  Containing  40? 
Aromatic  Hydrocarbons  [26] 


,  2 
b*rcn  Ottawa  anTaneToaanHOHHoi  cioixocn 

'OmuHi  faeao 
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4  TMC 
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1) 

Method  of  determining  an¬ 

6) 

Motor 

tiknock  stability 

7) 

Road 

2) 

Octane  number  of  gasoline 

8) 

Vehicle  with 

automatic 

on  addition  of 

transmission 

3) 

TEL 

9) 

Vehicle  with 

manual  trans- 

4) 

TML 

mission. 

5) 

Research 
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TABLE  5.16 

Effectiveness  of  TML  and  TEL  in  Mixtures* 
Containing  Aromatic  Hydrocarbons  with  Vari¬ 
ous  Structures  [27] 


IpWiaTHISCKSfl  KOMD0aei7 

Puhhiu  »  in«mn 
o  cueott,  coAcpatu 

c  ■  Mas 

[  t,2S  *  B*  1  MA  | 

I  OKtMMMB  nOM 
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■ccjW 

ueron 

if 

8 

Hoekea. 

itnoa 

w^opnrt 

mni 

6  Bassos . . 

-24 

-0,6 

-13 

-03 

7  Toayoa . 

-1.0 

03 

0.1 

0,7 

8  SiHjiCensoa . . 

-2,0 

“Oil 

—0,7 

9  o- Kciiaoa  . 

-0  3 

'  0,0 

1/) 

1.9 

0  ,*-Kcnaoa . 

-0,2 

0,9 

0.4 

13 

i  ]l3onpoDua6es3oa . 

-2,0 

-2,0 

-1,0 

-13 

21,2, 4"-TpnMeTHa6«Haoa . 

-0,9 

03 

0,7 

23 

3  H-EyTBa6ea8oa  . 

-4,0 

-3,0 

-33 

-23 

*}«mop-EyTna6eHjoa . 

-1,6 

-0,8 

-0.5 

03 

5  mprm-EyraafoHBoa  . . 

-2,0 

-0.9 

-03 

-23 

"Mixture  of  40?  40-octane  gasoline  and  60% 
aromatic  hydrocarbons. 


1) 

Aromatic  component 

9) 

o -xylene 

2) 

Difference  between  octane- 

10) 

m-xylene 

number  values  of  mixtures 

ID 

Isopropylbenzene 

containing  TML  and  TEL  in 

12) 

1,2, 4-trlmethylbenzene 

amounts  of 

13) 

n-butylbenzene 

3) 

0.28  g  of  Pb  to  1  ml 

14) 

8 e e-but y lbenzene 

4) 

Research  method 

15) 

iert-butylbenzene. 

5) 

Motor  method 

6) 

Benzene 

7) 

Toluene 

8) 

Ethylbenzene 

octane  gasolines,  tetramethyllead  has  better  antiknock  stability 
than  TEL  [25].  When  TEL  is  replaced  by  an  equivalent  amount  of  TML 
(with  respect  to  the  metal),  the  road  octane  numbers  of  the  gaso¬ 
lines  increase  on  the  average  by  one  or  two  units  [25-31].  The 
maximum  effect  from  the  use  of  TML  is  observed  when  antiknock  sta¬ 
bility  is  rated  under  road  conditions,  and  a  smaller  one  when  the 
octane  ratings  are  determined  by  the  motor  method;  substitution  of 
TML  for  TEL  has  only  an  insignificant  effect  on  research  octane 
numbers  (Tables  5.14,  5.15).  An  increase  in  the  aromatics  content 
in  the  gasoline  raises  the  relative  effectiveness  of  TML  (see 
Table  5.14).  In  gasolines  containing  more  than  30?  of  aromatic  hy¬ 
drocarbons,  it  is  more  advantageous  to  use  TML  than  TEL  [26].  The 
relative  effectiveness  of  TML  depends  not  only  on  the  amount  of 
aromatic  hydrocarbons,  but  also  on  their  structure  (Table  5.16). 
With  rising  lead  concentration  [32]  in  the  gasoline,  the  relative 
effectiveness  of  TML  Increases  (Pig.  5-12). 

The  lower  boiling  point  of  TML  by  comparison  with  TEL  and  Its 
higher  saturation  vapor  pressure  (see  Table  5.3)  favor  the  opera- 
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Pig.  5.12.  Influence  of  lead  concentration  in  gasoline  on  effec¬ 
tiveness  of  TEL  and  TML  [32].  Octane  numbers:  1)  road;  2)  motor; 

3)  research.  A)  Change  in  octane  number  on  substitution  of  TML  for 
TEL;  B)  TEL  concentration,  ml/liter. 


B  KOHueHmpauuR  tpoapopnou 
npucadxu,  8mu  om  meopemuveCKOto 


Pig.  5.13.  Influence  of  concentration  of  phosphorus  additive  on 
number  of  cases  of  surface  ignition  in  combustion  of  catalytic- 
reforming  gasoline  (66%  aromatic  hydrocarbons)  with  TEL  and  TML 
[33]:  1)  gasoline  with  TML  (0.84  g  of  lead  per  1  liter);  2)  gaso¬ 
line  with  TEL  (0.84  g  of  lead  per  1  liter).  A)  Number  of  cases  of 
surface  ignition;  B)  concentration  of  phosphorus  additive,  frac¬ 
tions  of  theoretical. 


TABLE  5.17 

Properties  of  Tetraalkyl  Derivatives  of  Lead 
and  Their  Mixtures  [20] 


o  T3C . 

64.06 

1 

M3C-500  . 

70,15 

17 

E  ?5«i  T3C  +  23%  TMC 

66.97 

26 

25%  T3C  +  75H  TMC 

TIM 

75 

F  M 30290  . 

86.97 

5 

M  30750  . 

73M 

45 

50*4  T3C  +  90H  TMC 

7015 

51 

TMC  . 

na 

too 
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A) 

Lead  compounds 

D) 

TEL 

B) 

Lead  content,  %  by  mass 

E) 

75?  TEL  +25?  TML 

C) 

Relative  saturation  vapor 

P) 

MEL -250. 

pressure  at  20°C 

TABLE  5.18 

Effectiveness  of  Tetraalkyllead  in  Determina¬ 
tion  of  Road  Octane  Ratings  for  Premium  Gas¬ 
oline  [28] 


B 
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A 

noMMiwaa 
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r* 

1 

gilt 

** 

£3 

n 

« 

it 

** 
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e 
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3 

8 

3 

1 

8 

4 
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48 

15 
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80 

83 
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0,30 

0,16 

0,24 

1 

1 

1 

0,54 

030 

032 

I  m  0,1  eg.  n  6ox m  .... 

47 

83 

66 

66 

82 

84 

75 

J  iia  0,5  eg.  a  6oaw  .  .  . 

14 

50 

29 

26 

62  , 

77 

50 

A)  Index 

B)  Tetraalkyllead 

C)  MEL-250 

D)  70?  TEL,  25?  TML 

E)  Number  of  vehicles 

F)  Number  of  evaluations 

G)  Average  increase  in  ef¬ 
fectiveness  over  TEL, 
road  octane  numbers 


H) 


I) 

J) 


Number  of  cases  (in  %)  in 
which  octane  number  in¬ 
creased 

By  0.1  unit  or  more 
By  C.5  unit  or  more. 


TABLE  5.19 

Influence  of  Sulfur-Containing  Compounds  on 
Receptiveness  of  Gasolines  to  TML  and  TEL* 
[27] 
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*0.85  g  of  lead  to  1  liter  of  gasoline. 
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Sulfur  content 
Octane  rating  decrease  by 
comparison  with  gasoline 
not  containing  sulfur 
Research 


Motor 

TML 

TEL 

Disulfides 
0.1?  sulfur 
Thiophene . 


tion  of  engines  in  which  there  is  substantial  nonuniformity  of  the 
distribution  of  the  gasoline  fractions  among  the  engine's  cylin¬ 
ders.  For  this  reason,  mixtures  of  TEL  and  TML  and  compounds  such 
as  triethylmethyllead  (MEL-250),  diethyl[di]methyllead  (MEL-500) 
and  ethyltrimethyllead  (MEL-750)  are  prepared.  The  saturation  va¬ 
por  pressures  of  all  these  compounds  and  mixtures  are  higher  than 
that  of  TEL  (Table  5.17).  Mechanical  mixtures  of  TEL  and  TML  are 
more  volatile  than  the  corresponding  tetraalkyls  with  unlike  radi¬ 
cals.  TEL-TML  mixtures  with  TML  predominating  are  most  effective 
(Table  5.18).  TML  is  more  sensitive  to  sulfur-organic  compounds 
present  in  the  gasolines  than  is  TEL  (Table  5.19). 

When  an  engine  is  operated  on  a  gasoline  with  TML,  phosphorus 
additives  suppress  uncontrolled  ignition  by  deposits  more  readily 
than  in  operation  on  a  TEL  gasoline  (Fig.  5.13). 

As  regards  their  influence  on  other  operational  properties 
of  gasolines,  TML  is  practically  equivalent  to  TEL.  At  the  present 
time,  the  cost  of  TML  is  somewhat  higher  than  that  of  TEL  [25 j. 

Additives  that  Enhance  the  Effect  of  Lead  Antiknock  Compounds 

Organic  acids,  esters  and  various  acid  derivatives  have  been 
tested  as  additives  to  imorove  the  effectiveness  of  lead  anti¬ 
knocks  (Table  5.20). 

TABLE  5.20 

Effectiveness  [3^]  of  Various  Compounds  as 
TEL  Promoters  (0.8  ml  of  TEL  to  1  liter  of 
Fuel) 
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TABLE  j.20  (continued) 
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1)  Compound 

2)  Concentration,  mole/kg 

3)  Change  in  octane  number 

4)  Carboxylic  acids 

5)  Acetic 

6)  Propionic 

7)  Butyric 
6)  Oleic 

9)  Trlmethy lacetj  c 

10)  Cyclohexanecarboxy  lie 

11)  Acrylic 

12)  Crotonic 

13)  8 ,6-dlmethylacry 1  .c 

14)  Benzole 

15)  o-toluic 


16)  p-tolulc 

17)  Phenylacetic 

18)  Methoxyacetic 

19)  Acetyllactlc 

20)  Formic 

21)  a-hydroxydecanoic 

22)  Pyruvic 

23)  Salicylic 

24)  Nitroacetic 

25)  Cnloroacetic 

26)  8-chloropropionic 

27)  Dioleic 
2P)  Esters 

<^9)  Acetyl  glycol 
30)  cert-butyl  acetate 
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31) 

Same 

55) 

Propenylidene  diacetate 

32; 

tert- butyl  propionate 

56) 

Pinacol  diacetate 

33) 

tert-butyltrimethyl  ace¬ 

57) 

Methyl  acetate 

tate 

58) 

Isopropyl  acetate 

3*0 

rert-butyl  methacrylate 

59) 

Isobutyl  acetate 

35) 

rert- butyl  benzoate 

60) 

sec-butyl  acetate 

36) 

fcert-butyl-o-methoxyben- 

61) 

Vinyl  acetate 

zoate 

62) 

Isopropenyl  acetate 

37) 

t ert-butyl-p -nitrobenzoate 

63) 

Phenyl  acetate 

38) 

cert-butyl  ester  of  furan- 

64) 

Benzyl  benzoate 

carbcxyllc  acid 

65) 

Furfuryl  achate 

39) 

tert- butyl  methoxyacetate 

66) 

Carboxylic  acid  deriva¬ 

40; 

tert- butyl  phenoxyacetate 

tives,  etc. 

41) 

t^rt-butyl  ester  of  ace- 

67) 

Acetic  anhydride 

tyiglycolic  acid 

68) 

Butyric  anhydride 

42) 

Di-tert-butyl  ester  of 

69) 

Mixture  of  formic  and 

malonic  acid 

acetic  anhydrides 

43) 

tert- butyl  ester  of  formic 

70) 

Mixed  anhydrides  of  f'ormii 

acid 

ana  acetic  acids 
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Di-tert-bv.tyi  ester  of 
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Aniline  propionate 

oxalic  acid 

72) 

N-methylaniline  acetate 

45) 

Di-tert-butyl  ester  of 
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succinic  acid 

tate 
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74) 

Pyridine  acetate 

adipic  acid 
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Benzoic  anhydride 

47) 
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76) 
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azelaic  acid 

77) 

butyraldehyde 

48) 

tcrt-buiyl  cyanoacetate 

78) 

Propior aldehyde . 

49) 

tert-butyl  nitroacetate 
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t  e  rt  ~t  I .t y  1  -0  -  c h  1  oro b  on z  0 - 
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5.1) 

tert- amyl  acetate 

52) 

Terpenyl  acetate 

53) 

1, 1-dimethylprcpeny 1  ace¬ 

tate 

54) 
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acetate 

Addition  of  acids  increases 

antiknock  stability  only  in 

leaded  gasolines.  In  the  absence 

of  TEL 

,  the  acids  have  no  infiu- 

once 

on  gasoline  octane  ratings 

(Fig.  r: 

.14).  With  increasing  TEL 

content  In  the  gasoline',  the  effectiveness  of  the  added  acid  and 
Its  opt irurr.  concentration  increase  (  Fir,,  5.15).  A  considerable 
gain  Is  achieved  by  adding  adds  to  gasolines  with  higher  octane 
ratings  (Fig.  5.16).  An  Increase  in  the  nror.at  1  c-hydrocarbon  con¬ 
tent  in  the  gasoline  also  Increases  the  effectiveness  of  tne  acid 
additive  (Fig.  5.17). 

Addition  of  mor.ocarboxylle  acids  1.-.  detrimental  to  some  op¬ 
erational  properties  of  gasoline  (corrosive  aggressiveness,  wash- 
oac  of  additives  by  water,  etc.);  In  practice,  therefore,  only 
their  derivatives  can  be  used,  especially  fort -butyl  acetate, 
which  forms  acetic  acid  and  Isobutylene  on  thermal  decomposition. 
Compounds  that  manifest  the-lr  activity  only  after  decomposition 
are  less  effective  than  the  original  acids  (Fig.  S . 1 8 > .  However* 
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Fig.  5.14.  Influence  of  acetic  acid  concentration  on  octane  rating 
of  gasoline  (4335  ar^m-Mc^ ,  16JS  olefin!  cs,  41JI5  paraffinic  mid 
naphthenic  hydrocarbf  -  octane  rating  99.5)  by  research  method 
[34]:  1)  without  TEi.;  2)  0.8  ml  of  TEL  to  1  liter;  3)  1.6  ml  of 
TEL  to  1  liter.  A)  Octane  rating  change;  B)  acetic  acid  concentra¬ 
tion,  %  by  mass. 


Fig.  5.15.  Gfsoline  octane  rating  (see  Fig.  5.14)  as  a  function  of 
TEL  and  acetic  acid  concentrations  [34]:  1)  without  acetic  acid; 

2)  0.5?  acetic  acid;  3)  1.035  acetic  acid.  A)  Research  octane  num¬ 
ber;  B)  TEL  concentration,  ml/liter. 


Fig.  5.16.  Influence  of  initial  octane  number  on  receptivenesB  of 
gasolines  to  acetic  acid  [34]:  1)  104-octane  gasoline;  2)  100-oc¬ 
tane  gasoline.  A)  Octane  number  increase  (research  method);  B) 
acetic  acid  concentration,  %  by  mass. 
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Fig,  5.17.  Influence  of  amount  of  aromatic  hydrocarbons  on  recep¬ 
tiveness  of  gasolines  (original  octane  number  100)  to  acetic  acid 
[34]:  aromatic  hydrocarbons:  1)  ^3%;  2)  36%;  3)  29%  •  A)  Octane 
number  increase  (research  method);  B)  acetic  acid  concentration, 

%  by  mass. 


B  KOHueHmpauue,  MMtun>/Ke 

Fig.  5.18.  Effectiveness  of  acetic  acid  and  terfc-butyl  acetate 
[34]:  1)  acetic  acid;  2)  tert-butyl  acetate.  A)  Change  in  octane 
number  (research  method);  B)  concentration,  mmole/kg. 


I  -  KoMueumpauuo  mpem-^ymup- 
auemama, 


Fig.  5.19.  Comparative  data  on  effectiveness  of  fc*,r£ -butyl  acetate 
according  to  various  octane-rating  methods  [34]:  1)  research;  2) 
motor;  3)  road.  A)  Octane  number  increase;  B)  concentration  of 
fc«r£-butyl  acetate,  mmole/kg. 
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Pig.  5.20.  Influence  of  TEL  concentration  in  gasoline  on  octane 
number  increase  on  addition  of  0.7/1  tert- butyl  acetate  [07].  A) 
Octane  number  increase;  B)  TEL  content  in  gasoline,  ral/liter. 


B  CodepMdHue  tjc  8  6eH3UHt,n»0 


Fig.  5.21.  Influence  of  TEL  concentration  in  gasoline  [37]  on  in¬ 
crease  in  octane  rating  and  optimum  tert- butyl  acetate  concentra¬ 
tion:  1)  optimum  tert-butyl  acetate  content;  2)  increase  in  octane 
rating  on  addition  of  optimum  amount  of  tert-butyl  acetate.  A)  Op¬ 
timum  tert- butyl  acetate  content,  %  by  volume;  B)  TEL  content  in 
gasoline,  ml/liter;  C)  octane  number  increase. 


TABLE  5.21 


Effectiveness  of  tert- Butyl  Ace¬ 
tate  as  a  Function  of  Engine 
Crankshaft  Speed  [36] 


1)  Revolutions  per  minute 

2)  Road  octane  rating 

3)  Without  additive 

k)  With  tert-butyl  acetate  {0,5%  by  volume) 
5)  Octane  number  Jncrease  due  to  additive. 
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TABLE  5.22 

Influence  of  tert- Butyl  Acetate  Concentration 
on  Octane  Number  (Motor)  [36]  of  Leaded  Fuels 
(0.8  ml  of  TEL  to  1  liter  of  Fuel) 
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Additive  concentration 
Base  gasoline 
Octane  rating 


*0  Octane  rating  increase 

5)  Base  gasoline  +  25%  al¬ 

kylate  . 
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Fig.  5.22.  Influence  of  tert-butyl  acetate  concentration  on  octane 
rating  increase  of  automotive  gasolines  [37]:  1)  research;  2)  mo¬ 
tor;  A)  100-octane  gasoline;  B)  102-octane  gasoline;  C)  105.5-oc¬ 
tane  gasoline,  a)  Increase  in  octane  rating;  b)  tert- butyl  acetate 
concentration,  %  by  volume. 


they  have  rather  broad  concentration  ranges  corresponding  to  the 
maximum  effect. 

fert-butyl  acetate  Is  a  colorless  liquid  that  mixes  well  with 
gasolines  in  any  proportions  [35].  This  compound  and  Us  gasoline 
solutions  are  stable,  nontoxic,  noncorrosive,  compatible  with 
rther  additives;  they  do  not  damage  paint  coatings,  rubber,  etc. 


[35]: 


Below  we  list  the  physical  properties  of  tert-butyl  acetate 


Formula . ch,— c—  oc— CH» 

<!  nch. 

Molecular  weight .  llb 

Temperatures,  'C 

boiling  point .  96 

flash  point  (closed  crucible) .  below  0 
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cloud  point .  below  -60 

melting  point .  below  -60 

Density  pV .  0.866 

Refractive  index  .  1.3870 

Solubility  in  water  at  26.7°C,  % .  0.62 


The  largest  increase  in  octane  rating  resulting  from  addition 
of  tert- butyl  acetate  is  observed  when  antiknock  stability  is 
rated  by  the  research  method  (Fig.  5.19). 

Under  road  conditions,  the  effectiveness  of  tert- butyl  ace¬ 
tate  depends  on  engine  operating  conditions  (Table  5.21);  the  op¬ 
timum  concentration  in  the  gasoline  depends  on  the  latter's  com¬ 
position  (Table  5.22).  It  averages  0.75%  by  volume  [373- 

The  effectiveness  of  tert- butyl  acetate  increases  with  in¬ 
creasing  TEL  concentration  in  the  gasoline  (Fig.  5.20)  and  with 
increasing  octane  rating  of  the  base  gasoline  (Fig.  5.22).  Here 
the  optimum  concentration  of  the  ester,  that  which  ensures  the 
largest  octane-rating  increase,  also  increases  (Fig.  5.21). 

At  the  present  time,  tert-butyl  acetate,  bearing  the  trade- 
names  TLA  or  "Octagen,"  is  used  in  the  USA  to  enhance  the  anti¬ 
knock  stability  of  leaded  premium  automotive  gasolines.  The  raw 
materials  for  production  of  tert- butyl  acetate  (isobutylene  and 
acetic  acid)  are  not  critical,  and  its  production  presents  no  dif¬ 
ficulty. 

Manganese  antiknocks 

The  high  antiknock  effectiveness  of  certain  manganese  com¬ 
pounds  was  first  reported  in  1957  [38,  39].  High  antiknock  proper¬ 
ties  [ 40 ,  4i]  were  also  observed  for  manganese  methylcyclopenta- 
dienyltri carbonyl  [MMCT]  (MUTM),  manganese  cyclopentadienyltricar- 
bonyl  [MCT]  (UTM)  and  manganese  pentacarbonyl  [MPC]  ( n KM ) . 

At  normal  temperatures,  MCT  and  MPC  are  solid  crystalline 
substances,  while  MMCT  is  a  transparent  low-viscosity  liquid  with 
a  light  amber  color  and  faint  grassy  odor  [42,  43]. 

As  regards  effectiveness  (Table  5.23)  and  behavior  in  various 
gasolines,  MCT  and  MMCT  are  quite  similar  [44]. 

The  antiknock  effectiveness  of  magnesium  additives  introduced 
into  individual  hydrocarbons  and  gasolines  of  various  compositions 
is  shown  in  Tables  5.24  and  5.25  and  i'ig.  5*23. 

The  receptiveness  of  gasolines  to  mcnganese  antiknocks  de¬ 
pends  on  the  chemical  composition  of  the  gasolines  (see  Table 
5.24):  with  increasing  paraffinic  content  and  decreasing  aromatic 
content,  the  gasolines  become  more  receptive.  Alkylates,  gas  gaso¬ 
lines,  Cj-C»  isomers,  etc.,  show  high  receptivity  to  manganese  an¬ 
tiknocks  .  The  highest  effectiveness  of  manganese  antiknocks  is  ob¬ 
served  v,*hen  they  are  introduced  into  A-56  and  A-66  gasolines.  In¬ 
troduction  of  equal  quantities  of  TEL  and  MCT  has  about  the  same 
effect.  In  evaluating  the  comparative  effectiveness  of  TEL  and 
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manganese  antiknocks  in  terms  of  the  equivalent  quantities  of 
metal  Introduced  Into  the  gasoline  with  the  antiknocks,  manganese 
is  found  to  be  more  effective  than  lead  (see  Table  5*25). 


Pig.  5.23.  Receptiveness  of  pure  hydrocarbons  to  MMCT  and  TEL  [6] 
a)  research  octane  numbers;  b)  motor  octane  numbers;  1)  2,2-di- 
methylbutane;  2)  2-methy lpentane;  3)  n-heptane;  4)  2,4-dimethyl- 
pentane;  5)  triptane;  6)  2, 2, 4-trimethy lpentane;  7)  cyclohexane; 
8)  methylcyclohexane;  9)  2-methy lbutene-2;  10)  diisobutylenes; 

11)  octene-1;  12)  ethylbenzene.  A)  Increase  in  octane  rating  on 
addition  of  1  g  of  metal;  B)  MMCT;  C)  TEL. 


TABLE  5.23 

Effectiveness  of  MCT  and  MMCT  (According  to 
A. A.  Gureyev  and  A.P.  Zarubin) 
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1) 

Fuel 

9) 

Mixture  of  40$  toluene  + 

2) 

Motor  octane  number 

+  30$  heptane  +  20$  diiso- 

3) 

Without  additives 

hutylene  +  10$  isooctane 

4) 

With  additive,  1  g/k'g 

10) 

Gacalytic-reforming  gaso¬ 

5) 

MCT 

line 

6) 

MMCT 

11) 

Catalytic-cracking  gaso¬ 

7) 

Research  octane  number 

line. 

8) 

Mixture  of  60$  isooctane  + 

+  4055  heptane 

TABLE  5.24 


Influence  of  Antiknocks  on  Octane  Ratings  of  Commercial  Gasolines 
and  Their  Components  [45] 
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#M.m.  stands  for  the  motor  method  and  i.m.  for  the  research  method 
of  determining  gasoline  octane  ratings. 


1) 

Gasoline 

7) 

MCT,  g/kg 

2) 

Octane  number  without  an¬ 

8) 

Straight-run 

tiknock 

9) 

Thermal-cracking 

3) 

m.m.  * 

10) 

Catalytic-cracking 

4) 

i .  m,  * 

11) 

Catalytic-reforming. 

5) 

6) 

Octane  rating  on  addition 
of  antiknock 

TFl. ,  g/kg 

TABLE  5.25 

Average  Receptiveness  of  Automo¬ 
tive  Gasolines  to  Antiknocks 
(MMCT  and  TEL),  Calculated  on 
the  Basis  of  Determinations  for 
24  Specimens  of  High-Octane  Gas¬ 
olines  [43] 
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99,6 

„  0,529 
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98,7 

1)  MMCT,  g  of  Mn  to  1  liter 

2)  Research  octane  number 

3)  TEL,  g  of  Pb  to  1  liter. 
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Pig.  5.24.  Increase  in  gasoline  octane  numbers  on  combined  addi¬ 
tion  of  MMCT  anu  TEL  [6]:  1)  TEL  alone;  2)  MMCT  alone;  3)  TEL  + 

+  MMCT;  4)  2TEL  +  MMCT;  5)  3TEL  +  MMCT.  A)  Octane  number  increase 
B)  total  metal  content,  g/liter. 


The  sensitivity  of  manganese  antiknocks  to  engine  operating 
conditions  (difference  between  research  and  motor  octane  ratings) 
is  somewhat  greater  than  that  of  TEL;  thus  the  research  method 
usually  indicates  higher  effectiveness  of  manganese  antiknocks 
than  the  motor  method  (Fig.  5.24). 

The  amount  and  nature  of  sulfur  compounds  in  the  gasolines 
have  less  Influence  on  receptivity  to  manganese  antiknocks  than 
that  to  TEL  (Tables  5.26  and  5.27). 

Manganese  antiknocks  sharply  increase  the  detonation  stabil¬ 
ity  of  gasolines  containing  TEL,  The  first  portions  are  particu¬ 
larly  effective  (Table  5. 28).  The  greater  the  amoun*  of  TEL  in 
the  gasoline,  the  greater  will  be  the  effect  of  a  manganese  anti- 
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TABLE  5.26 

Influence  of  Sulfur-Organic  Compounds  on  Re¬ 
ceptivity  of  Hydrocarbon  Mixture  (40$  Tolu¬ 
ene,  30$  Heptane,  20$  Diisobutylene  and  10$ 
Isooctane)  to  Manganese  Antiknock  and  TEL  [93 
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Sulfur-containing 

compound  added  to  mix- 
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Amount  of  sulfur. 
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g/kg 

*0 

TEL 

9)  Research 

5) 

MCT 

10)  Benzy lmercaptan 

6) 

Motor 

11)  Diethyl  sulfide 

7) 

Octane  number 

12)  Dibutyl  sulfide. 

8) 

Octane  number 
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knock  (see  Fig.  5.24),  This  ’'promoting”  action  of  manganese  on  the 
antiknock  effectiveness  of  TEL  is  utilized  in  the  USA  in  the  new 
AK-33Mix  additive,  which  consists  of  TEL  and  MMCT  In  the  propor¬ 
tions  0.052  g  of  Mn  to  1  ml  of  TEL  [47,  483. 

Under  use  conditions,  the  effectiveness  of  manganese  anti¬ 
knocks  [49,  503  is  higner  than  indicated  by  the  motor  octane  num¬ 
ber  (Fig.  5.25  and  Table  5.29). 
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The  influence  of  manganese  antiknock  (MCT)  on  deposit  buildup 
is  3hown  in  Tables  5.30-5.33. 

When  scavengers  are  added  to  manganese  antiknocks,  the  total 
amount  of  deposits  formed  is  reduced  (see  Table  5-33)  and  spark¬ 
plug  operation  improved.  The  amount  of  deposits  [51]  formed  in  the 
intake  manifold  of  an  IT-9-2  engine  using  gasolines  with  MCT  is 
smaller  than  when  TEL  gasolines  are  used  (see  Table  5.31). 

The  deposit  formed  on  combustion  of  gasolines  with  manganese 
antiknocks  contributes  to  surface  ignition.  Its  frequency  is  prac¬ 
tically  directly  proportional  to  the  MCT  concentration  in  the  gas¬ 
oline  (Pig.  5.26).  An  effective  way  to  lower  the  incidence  of  sur¬ 
face  ignition  in  engine  operation  on  gasolines  with  MCT  is  to  add 
trlcresyl  phosphate  to  the  gasoline.  The  optimum  concentration  of 
this  substance,  that  necessary  to  convert  the  manganese  in  the 
fuel  to  the  orthophosphate,  is  0.2?  of  the  theoretical  amount 
(Fig.  5.27). 


TABLE  5.27 

Influence  of  Sulfur-Organic  Compounds  on  Re¬ 
ceptivity  [9]  of  a  Mixture  of  Hydrocarbons 
(56?  Isooctane  +  44?  Heptane)  to  Manganese 
Antiknock  and  TEL* 
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14) 
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8) 
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TABLE  5-28 


Receptiveness  of  Leaded  Gasolines  and  Their 
Components  to  MMCT  [43] 


1)  Specimen  6)  Alkylate 

2)  Research  octane  7)  Gas  gasoline 

number  8)  C5-C6  isomers 

3)  Without  TEL  9)  Average  gasoline 

4)  With  0.8  ml  of  10)  Regular 

TEL  to  1  liter  11)  Premium, 

of  fuel 

5)  Increase  in  oc¬ 
tane  number  with 
0.8  ml  of  TEL  to 
1  liter  and  . . . 
g/liter  of  MMCT 
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C  6  SemuHt  fet  T3C  X)6  h*su*  t  Sm* 


Fig.  5.25.  Increase  In  octane  numbers  of  gasolines  on  addition  of 
MMCT  in  pure  form  and  together  with  TEL  In  rating  by  laboratory 
methods  and  on  full-scale  single-cylinder  engine  [6]:  1)  full- 
scale  single-cylinder  engine;  2)  reseal ch;  3)  mojor.  A)  Octane 
number;  B)  manganese  content,  g/liter;  C)  in  gasoline  without  TEL 
D)  in  gasoline  with  3  ml  of  TEL. 
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TABLE  5.29 

Effectiveness  of  Magnesium  Antiknocks  under 
Road  Conditions  [49,  50] 


2  3 

Mao 

MA/A  MUlfl 
t/4 


0  0 

0,066 
0,132 
0,264 
0,528 

0,792  0 

0.026 
0,066 
0,1.32 
0,264 

10b  I  0  0 

0,066 
I  0,132 
0,264 
0,528  j 

0,792  0 

0.026 
0,006 
0,132 
0,264 

i 


1)  Fuel 

2)  TEL,  irl/liter 

3)  Manganese,  'liter 

4)  Octane  number 

5)  Research 

6)  Kotor 

7)  Road  octane  number  (modified  method  of 
rating  from  detonation  decay  curves''  at 

ous  crankshaft  speeds 

8)  .  J  rev/min 

9)  Average  10)  B. 


Fig.  5.20.  Influence  01"  MC7  concentra¬ 
tion  In  gasoline  on  surface  Ignition 
[44],  A)  “lumber  of  surface-lgnj  „iors 
impulses,  in  c>  h;  B)  MCT  concentration 
in  1  u e i ,  g /  k g . 


-  5  38  - 


4 

OKtaHOBoe 

‘1110110 

floportffl'*  OHTaMOTlOC  <BCJJO  ( B3M6 7! QHHklft 
wet 0.1  OQfitKif  no  KpaBMK  MT/ZlUUM 
fleTOHatxui)  npu  paa«raux  CMOpoernx 
BpamcEHH  HQjmniToro  bam 

c. 

6 

8 

9 

HOTOp- 

1500 

2000 

2504 

3800 

Cptirte* 

Me 

Hhlft 

MCTOfl 

i 

Ot/MUH 

06/muh 

06/Jnm 

Oil /MUM 

90,7 

73,5 

90,1 

90,6 

90,8 

89,9 

90,4 

94,4 

82.4 

93,2 

93,5 

93,8 

92,2 

93,2 

95,7 

83,3 

94,5 

95,0 

94,4 

93,2 

94,3 

97,3 

83,7 

95,5 

96,5 

95,9 

94,9 

95,7 

99,2 

85,0 

97,4 

98,0 

97,6 

96,8 

97,5 

98,0 

85,2 

96,0 

96,8 

36,2 

95,0 

96,0 

98,8 

86,0 

94,6 

97,6 

97,4 

96,5 

97,0 

98,9 

86,2 

96,6 

97,6 

07,3 

96,5 

97,0 

99,4 

86,5 

97,3 

97,7 

91,6 

96,8  1 

97,3 

100,0 

87,0 

97,3 

97,9 

97,6 

96,7  j 

97,4 

90,6 

82,0 

88,3 

89,6 

89,9 

89,7 

89,4 

94,1 

84,6 

89,8 

92,5 

93,7 

93,3  1 

92,3 

95,7 

85,3 

92,9 

94,2 

95,4 

94,8 

94,3 

97,7 

86,5 

34.8 

66,4 

97,8 

97,0 

96,5 

C3,o 

88,2 

97,0 

98,9 

99,4 

90,0 

98,6 

99,0 

f  90,7 

97,1 

99,1 

99,4 

i 

99,5 

98,8 

99,3 

90,6 

90,4 

99,0 

99,9 

99,7 

98,8 

99,5 

91,0 

97,5 

99.9 

100.6 

100,4 

39,8 

99,7 

91,0 

96,8 

99,4 

100,3 

99,8 

99,1 

100,8 

91,3 

97,9 

100,0 

100,8 

99,9 

99,7 

Fig.  5.27.  Influence  of  cricresyl  phosphate  concentration  (in 
fractions  of  quantity  theoretically  necessary  for  conversion  of 
all  manganese  to  the  orthophosphate)  on  surface  ignition  [44].  A) 
Number  of  surface-ignition  pulses  in  5  h;  B)  TCP  (TK$)  content, 

%  of  theoretical. 


TABLE  5.30 


Influence  of  antiknock  Content  [44]  in  A-72 
Gasoline  on  Deposit  Formation  in  Engine  of 
IT-9-2  Machine* 


1 

X(umec~[io  Bmp*  (■  «••)  npE  Boaqaarpt- 
lo  ou  KmAerOBaTbpa,  a/a* 

i*- 

AnmaeTOHaTop,  sofianatriiul  n  SeaMiy 

f«a  wra- 
_aei«B»- 

3  *  'P» 

0,17 

0,54 

1.00 

1.10 

4TeTpaaTHJie  tmeu  ......... 

W 

7,4 

8,8 

12.7 

14.6 

pIlmfaoae:iTann«anaTpnK*p6o«iHaMap- 
raseq . . 

2.0 

5.0 

12 

1<U 

12,8 

-4-hour  test.  Deposit  buildup  on  special 
collector  valve. 


1) 

Antiknock  used  in  gaso¬ 

3) 

No  antiknock 

line 

4) 

Tetraethyllead 

2) 

Amount  of  deposits  (in 
mg)  at  antiknocK  concen¬ 
tration  of  ...,  g/kg 

9) 

Manganese  cyclopentadi- 
enyltriearbonyl. 

TABLE  5.31 

Influence  of  Antiknock  Content  [441  In  A-66 
Gasoline  on  Deposit  Buildup  in  ZIL-120  Engine 
and  on  Deposits  in  Intake  System  of  IT-9-2 
Tester  Engine 


1  Cnuaa 

H*r»r*o6r*'>oMNa«, 

Mi/% 

Koin-wetie  oMo*t» 
mn»  *0  toyfiMaot 

1  c  rerun,  au/a 

4Hcto;wh*  . 

:e  | 

25 

■  To  :;;e  ■+  ai.Tiu#TOO»rop: 

'  t  l  m*  I'-P  it*  1  *a . 

42 

41 

7  OS  a  UTM  iti  1  k$  . 

31 

63 
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1) 

Gasoline 

5) 

Same  +  antiknock 

2) 

Deposit  buildup,  mg/h 

6) 

1  ml  of  R-9  to  1  kg 

3) 

Amount  of  deposits  in  in¬ 
take  system,  mg/h 

7) 

0.8  g  of  MCT  to  1  kg. 

4) 

Initial 

TABLE  5. 32 


Influence  of  Amount  of  MCT  In  Gasoline  on 
Deposit  Buildup  in  Engine  and  on  Deposits  in 
Intake  System  of  Test  Engine  [44] 


1 

Eestaa 

IlarapooOj.  aoiaiiBC, 

2  *“/•* 

Kmiiwtco  omom»- 
1  t  sat  to  raycKHOt 
|  J  caeirue.  m*/% 

H^Oeiiau- 
ne  A-58 

na^Wn  an¬ 
il©  B-70 

iu^oui- 
He  A-58 

4 

Ilf  6«o*. 
ue  B-70 

6HcxoabhS  . 

22 

9 

113 

103 

7To  we-f-IVTM,  */**: 

0,2  . 

22 

16 

12.0 

113 

0,4  . 

22 

17 

19,0 

113 

03  . . 

SO 

25 

21,0 

113 

1)  Gasoline 

2)  Deposit  formation,  mg/h 

3)  A-56  gasoline 

4)  V-70  gasoline 

5)  Amount  of  deposits  in  intake  system,  mg/h 

6)  Initial 

7)  Same  MCT,  g/kg. 


TABLE  5.33 

Amount  of  Deposits  [J'4]  Formed  in  "Moskvich- 
407"  Engine  ever  400  hr  of  Testing  on  A -6 6 
Gasoline  with  Various  Antiknocks 


2  i;tumiecT»o  un po,  , 

AiiTBieroiiaTopk 

uo»  inim 

ron6nH8 

Uttiiii  ii- 

r>  IH- 

nyc»- 

soi 

KAWU 

i^rrw- 

110ft 

minMM 

7 

aeero 

8  03  *  4TM  Hi  1  M  6«3  BUHOCUTP.7H 

6,40 

7,20 

040 

0.40 

1440 

0.B2  i  T3C  ui  1  ki  c  nu"oniTi'  Hf* 
(BpoMsnul  >tha)*  . 

5.65 

c.oo 

5.65 

230 

1930 

!  0,8  9  UTM  111  1  U  C  fipOUBCTUI*  3T«* 

MOU  . 

4.08 

4. Si 

1.64 

0.41 

1139 

1  0,8  9  IJTM  its  1  xi  c  6ii£-:iTn.iKCAUTO- 

ronoM . 

4,84 

4,;:> 

039 

035 

10,03 

•The  test,  time  for  the  leaded  musoilne  was 
330  h. 
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1) 

Antiknock 

9) 

0.82  g  of  TEL  to  1  kg  with 

2) 

Amount  of  deposits,  g 

scavenger  (ethyl  bromide)* 

3) 

Top  of  piston 

10) 

0.8  g  of  MCT  to  1  kg  with 

4) 

Cylinder  head 

ethyl  bromide 

5) 

Exhaust  valve 

11) 

0.8  g  of  MCT  to  1  kg  with 

6) 

Intake  valve 

fcis-ethylxanthogen. 

7) 

Total 

8) 

0.8  g  of  MCT  to  1  kg 

without  scavenger 

TABLE  5.34 


Stability  of  Hydrocarbon  Solutions  of  MCT 
during  Storage  in  Light  [44] 


5  HaooKTaa  +  O^ « UTM  w  5  7 

1  km . Eecuaermift  0,00  Vepea  6  h  buhm  ofimn- 

Hllft  ZJIOnMUABHt 

octnoa 

3  IIaooKiai'  +  0^  «  I|TM  u 

1  w  4-0,1%  upon-  9  10 

tin .  To  ’■w  0,01  ^epea  24 «  oOpoMK  no- 

ityrm*  ■  mm**  ooaox 

llEea3oa40£  •  UTM  n 

Ik* .  >  0.00  Bunas  oCnmnift  ocoaok 

1 2  ’lepaa  48  « 

1  3  EOH30A  4  0,8  «  UTM  ,Bt 

1  **40,1%  upon-  14 

aata .  >  001  Bunas  ocoaok  aepea  48 « 

1 3  EeHao.i  4  0,8  *  UTM  n  , 

1  k* 4 0,01  «/«  cyaaiu  lb  L7 

weAToro  .  JKwraii  054  ufipaaen  noxynw* 

lepei  S«  « 

18  Benson  4  0,8  »  UTM  n  j 

I  k$  fO.Ol  •/*«  cyA»Ht  19  a 

Kpacaoro  .  K pactful  054  y  To  KM 

2  0  Eeuanu  A-66  4  05  *  UTM  2 1 

ho  1  *» . Coaomhbo-  0,05  22EeaaKn  nouyTHM 

wenrui  tepoa  240  % 

2  3  Eeosnu  A-72  4  05*  UTM 

II  1  *• . 9  To  me  057  J  To  act 

2  4  Eaimia  E-70  4  0,8  *  UTM  c 

sa  1  k* . ?  -j  Cuffo-  0,02  2bE«H3*ii  nosiyTKiui 

acesTui  tfepta  72  « 


1) 

Fuel 

8) 

Isooctane  +  0.8  g  of  MCT 

2) 

Color 

to  1  kg  4  0.1*  pyrolyzate 

3) 

Optical  density  with  re¬ 

9) 

Same 

spect  to  distilled  water 
on  FEK-M  with  blue  filter 

10) 

Specimen  turbid,  with  pre 
cipitate,  after  24  h 

4) 

Behavior  of  specimen  dur¬ 
ing  storage  in  glass  ves¬ 

11) 

Benzene  +  0.8  g  of  MCT  to 
1  kg 

sel  in  daylight 

12) 

Heavy  precipitate  after 

5) 

Isooctane  +  0.8  g  of  MCT 

48  h 

to  1  kg. 

13) 

Benzene  v  0.8  g  of  MCT  to 

6) 

Colorless 

1  kg  +  0 . it  pyrolyzate 

7) 

Heavy  flccculent  precipi¬ 
tate  after  6  h 

14) 

Precipitate  after  48  h 
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15) 

Benzene  +  0.8  g  of  MCT  to 

21) 

Straw  yellow 

1  kg  +  0.01  g/kg  of  Sudan 

22) 

Gasoline  cloudy 

after 

240 

16) 

yellow 

hr 

Yellow 

23) 

A-72  gasoline  + 

0-8  g 

of 

17) 

Specimen  turbid  after  96 

MCT  to  1  kg 

18) 

hr 

24) 

B-70  gasoline  + 

0.8  g 

of 

Benzene  +  0.8  g  of  MCT  to 

MCT  to  1  kg 

1  kg  +  0.01  g/kg  of  Sudan 

25) 

Paint  yellow 

red 

26) 

Gasoline  cloudy 

after 

72 

19) 

Red 

hr. 

20) 

A-66  gasoline  +  0.8  g  of 

MCT  to  1  kg 


While  the  addition  of  manganese  antiknocks  does  not  cnange 
the  color  of  gasolines,  gasoline  color  does  have  an  influence  on 
the  chemical  stability  of  MCT  in  hydrocarbon  solutions  when  they 
are  exposed  to  sunlight  (Table  5.3*0-  Addition  of  MCT  is  not  det¬ 
rimental  to  the  low-temperature  properties  of  automotive  gasolines, 
nor  does  it  increase  their  acidity;  the  amount  of  existent  gums  is 
found  to  be  somewhat  higher  (2-4  mg  to  IOC  ml).  The  corrosive  ag¬ 
gressiveness  of  gasolines  with  MCT  is  approximately  the  same  as 
that  of  gasolines  containing  R-9  ethyl  fluid  (Table  5.35);  the 
chemical  stability  of  gasolines  is  lowered  by  addition  of  MCT. 
Vigorous  absorption  of  oxygen  with  a  simultaneous  increase  in  the 
content  of  peroxide  compounds,  existent  gums  and  organic  acids  is 
observed  much  earlier  in  the  oxidation  of  cracking-gasoline  with 
antioxidants  in  the  presence  of  MCT. 

Other  metal-organic  antiknocks 

Among  the  other  metal-organic  compounds,  certain  compounds 
containing  iron,  copper,  cobalt,  chromium,  potassium,  tellurium, 
thallium,  and  others  have  high  antiknock  properties.  Most  thor¬ 
oughly  studied  as  antiknock  additives  are  compounds  of  iron  and 
copper:  iron  pentacarbonyl  [IPC]  (niOK),  iron  dicyclopentadienyl 
(ferrocene),  and  chelate  copper  salts.  The  physical  properties  of 
iron-organic  antiknocks  are  listed  in  Table  5-36. 

The  effectiveness  of  IPC  as  an  antiknock  is  15-20?  lower  than 

that  of  TEL  (Table  5-37).  IPC  was  used  abroad  at  one  time,  but 

then  production  was  stopped  [53-551-  During  the  '  40  s,  extensive 
tests  of  IPC  were  conducted  in  the  USSR  [56-60]  to  determine  its 
usefulness  as  an  antiknock  additive  to  kerosenes  (Table  5.38);  it 
did  not  come  into  use  as  an  antiknock  additive  because  the  iron 
oxide  formed  on  combustion  of  IPC  was  deposited  in  combustion 
chambers  and  increased  engine  wear.  No  scavengers  have  been  found 
for  the  combustion  products  of  IPC. 

The  effectiveness  of  ferrocene  is  about  the  same  as  that  of 

IPC  (Table  5.39)  [61].  It  is  preserved  even  when  it  is  added  to 

leaded  gasolines  (Table  5.40).  However,  the  lack  of  effective 
scavengers  for  the  iron  oxide  is  an  obstacle  to  the  extensive  use 
of  ferrocene. 


Chelate  copper  salts  [62]  are  characterized  by  rather  high 


TABLE  5.35 

Influence  of  MCT  and  TEL  on  Physicochemical 
Properties  of  Automotive  Gasolines  [44] 


Sam  e  Bm»h  • 

1  JU  P-t  0.1  •  UTK 

all  a  I  a 


>  KHCHOTHOCTb,  MM  KOH  BO  100  MA . 

1  (paKTBiecKBe  cmojiu,  mm  no  100  »* . 

'  Kofposax,  mm/m*  (s&iiit&bbb  bo  eroBuoft 
noacTHHKe*): 

o  e  raaoBofl  dwae . .  . 

9  8  JHBWOfi  <j>ooo  .* . . . . 

)  Xnmecxaa  cto^bbehocte: 

6es  aaTHOKDcjiHTCflefl,  juixmeeiCBe  cmobw 
nocjio  OKHCseaxJi  **,  mm  bo  100  ma: 

- 1  6ea  uetaiiao . . . . 

-  2  c  M8»>B . 

.3  CO  CTOBEB  .  . . 

I  C  8BTHOKHCJIHTBJIHMH,  ^HTeJIlHOCTb  HHflyKBBOB- 

aoro  nepaoaa  okbmbhbh,  mum 

.5  C  OHpOJIH38?OM  (0,05%) . 

.5  n-OKCBflH$eHHJraHHHOM  (0,005%) . 

.7  C  BOHO/IOM  (0,05%) . 


•Test  for  10  h  at  75°C. 

••Oxidation  for  2  h  at  1106C. 

1)  Index 

2)  Original  gasoline 

3)  Gasoline  with  1  ml  of  R-9  to  1  kg 

4)  Gasoline  with  0.8  g  of  MCT  to  1  kg 

5)  Acidity,  mg  of  KOH  to  100  ml 

6)  Existent  gums,  mg  to  100  ml 

7)  Corrosion,  mg/m2  (steel  plate  test*) 

8)  In  gaseous  phase 

9)  In  liquid  phase 

10)  Chemical  stability  without  antioxidants, 
existent  gums  after  oxidation, *•  mg  per 
100  ml 

11)  Without  metal 

12)  With  copper 

13)  With  steel 

14)  With  antioxidants,  length  of  oxidation- 
induction  period,  min 

15)  With  pyrolyzate  ( 0  .05%) 

16)  p-hydroxydiphenylamine  (0.005%) 

17)  Wich  lonol  (0.05$). 
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TABLE  5.36 

Physical  Properties  of  Iron-Organic  Anti¬ 
knocks  [6,  14,  52] 


nOMMTtjn 


4  <Dop*ryjja  . 

5  ^HaOTccKoe  cocTOflime  a  bbat 


8  IIjJOTHOCTb,  q**  . 

9  TeMueparypa,  «C: 

10  K1XDCHBB  .  .  . 

1 1  nJiaBJieHHst 


iu  KiincHH*  .... 
11  naaB^eBBn  .  . 
1 2  PflCTBCpHMOCTb: 

13b  yrjieBOflopoflax 
15  B  co«e  .... 
I  !  TOKCBBUOCTb . 


ZleBTaKapGoifMj) 

w&neoa 


AiQBiutoPem- 

AMfiMjAlMMQM 


Fe(CO),  7  Pe  (C.H,), 
{dakoctb  6 /iea-  /JKmthb  xpacraa- 
no-wexroro  jcu 

ijEera 

1.457  - 


- 1  ^xopomaB 
He  paCTBOpBBTCB 
>  He  Toxcnea 


Index 

Iron  pentacarbonyl 
Iron  dicyclopentadienyl 
(ferrocene) 

Formula 

Physical  state  and  color 
Pale  yellow  liquid 
Yellow  crystals 
Density 

Temperatures,  °C 


10)  Boiling  point 

11)  Melting  point 

12)  Solubility 

13)  In  hydrocarbons 

14)  Good 

15)  In  water 
]6)  Insoluble 

17)  Toxicity 

18)  Nontoxic. 


TABLE  5.37 

Effectiveness  of  IPC  and  TEL  (According  to 
D.S.  Stasinevich,  K.N.  Fastovoy  and  A.L. 
Gol  'dshteyn) 


2£_ 

3 

0.<TaiiOBOO  lac.io  ToansM  c  noOajKOl 

-1 

J- 

Tnojinao 

s«s 

■  S  ! 
§o| 

4 

IIKHK,  MJi/n 

i 

5 

P-9 

JM/W 

15“ 

ose 

0,5 

1.0 

1.5 

2,0 

0,5 

1.0 

l  1,5 

8.0 

40?o  ii  $ooKraHa  +  60H 
M-reiiTana . 

40,0 

•58,0 

54,2 

61,6 

64,0 

50,0 

61,8 

67,8 

71,0 

50%  naooKTaaa  +  50% 

M-rcntana  . 

50,0 

56,0 

63,2 

67,0 

70,7 

,61,0 

70,0 

73,6 

76,2 

00%  n.KioKTauB  +  40% 

N-renraaa . 

00,0 

06,0 

72,2 

7G,8 

79,5 

70,4 

77,0 

79,6 

81.0 

A  QTOMO(tl!.?l»mjC  >OH8Bny 
Tonapuue: 

Ml . 

57,8 

63,0 

66,8 

6S, 5 

— 

65,0 

674' 

— 

72,3 

M2 . 

58.4 

62,0 

66,0 

69,0 

— 

— 

67,0 

— 

724 

•V  3 . 

55,0 

5.6.4 

59,3 

66,0 

- 

— 

— 

68,8 

M  4 . 

55,0 

56.8 

t5rt,8 

62.3 

65,4 

— 

— 

65,7 

— 

M5 . 

55.7 

58,8 

60,3 

63.2 

62,3 

66,0 

68,4 

— 

AiiToMofin.ibRiie  fonamui 
iipBMorotiBua: 

| 

1 

Ml . 

56,4 

63 ,0 

67.4 

71,4 

73,4 

— 

— 

72,1 

— 

M  2 . 

54,8 

CM 

66,7 

05,9 

73,0 

— 

— 

M3 . 

50.0 

Cl  .5 

68,4 

734) 

76,0 

64.8 

70,5 

75,0 ' 

76,0 

AnM«aaoiiiiMfi  Oi'Hinu 

11-70,  Ml . 

08,0 

73.8 

77,0 

79,0 

81.0 

II 

80.5 

83,0 

1) 

Fuel 

8) 

60$  Isooctane  +  40$  n- 

2) 

Octane  number 

of  pure 

heptane 

fuel 

9) 

Commercial  automotive 

3) 

Octane  number 

of  fuel 

gasolines 

with  additive 

10) 

Straight-run  automotive 

4) 

IPC,  ml/kg 

gasolines 

5) 

R-9,  ml/kg 

11) 

B-70  aviation  gasoline. 

6) 

40$  isooctane 

+  60%  n- 

No.  1. 

heptane 

7) 

50$  isooctane 

+  50*  n- 

heptane 

TABLE  5.38 

Antiknock  Effect  of  Adding  IPC  to  Tractor 
Kerosenes  [56,  57] 


A 

Kepocaa 

R  OKTanoaoe  tocao  ops 
aofeBJieHB*  TOOK,  ma/a 

0 

2 

4 

6 

8 

EaxnacKOu: 

1 

D  of)pa3eii  1 . 

34 

44 

55 

— 

69 

oGpaaeni  2 . 

42 

49 

57 

64 

08 

F  po.iHcDc.Knn . 

9 

18 

28 

33 

42 

MafiKoncKuJi . 

29 

33 

42 

50 

57 

A)  Kerosene 

B)  Octane  number  on 
addition  of  IPC, 
ml/liter 


C)  Baku 

D)  Specimen  . . . 

E)  Groznyy 
P)  Maykop. 


1) 

2) 

3) 


TABLE  5.39 

Antiknock  Effectiveness  of  IPC  and  Ferrocene 
[61]  on  Addition  to  60-0ctane  Gasoline 


1 

npacaAKi 

HI1©  np*- 

% 

^  '  ' 

3 

Onraao- 

■06 

OOJIO 

1 

npieaoKa 

CoaS*pm»* 
uat  npa- 
caaxa, 

X 

4  rieBTaKapfionaa 

0,056 

64,4 

5 

ABqnxAoceBTa- 

0.058 

nz 

wonesa  (I1K7K) 

0,112 

69.1 

nBkBBJiweaeao 

(4»PP<wh) 

0,t06  . 

713 

0202 

76,2 

0.192 

753 

0335 

82,? 

0319 

793 

Additive 

Additive  content 
Octane  number 


4)  Iron  pentacarbonyl  (IPC) 

5)  Iron  dicyclopentadl enyl 
( ferrocene) . 
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TABLE  5.40 

Combined  Antiknock  Effectiveness  of  TEL  and 
Iron-Organic  Antiknocks  [61] 


1)  Content 

2)  TEL  in  gasoline,  g/llter 

3)  Iron-organic  antiknock  in  gasoline, 
g/liter 

4)  fron  in  gasoline,  g/liter 

5)  Octane  number 

6)  Ferrocene  7)  TPC. 


TABLE  5.41 

Detonation  Stability  of  Gasolines  with  Addi¬ 
tion  of  Amlnomethylene  Ketone  Copper  Deriva¬ 
tives  (According  to  F.B.  Ashbel*  et  al.) 


1 

2  Oktshosoc  cncno  npu  aoflaBJicBBi 
McjKiJx  npr.!i3B0axur, 

Amt.homc  THncHHeronw, 
*W»|UC  npOl!3K)HHMO  KQTOpNX 

0.0025 

0,01 

0,016 

•  0,01  j 

0.016 

0.01  | 

O.Oif 

4oCaB.in.nncb  p  0CH3HH 

o  CcHS»Ha  E-70 
j  (o.  q.  —  69,2) 

^aDTOMoOuab- 
noro  Ce«3HHa 
(o.  <*.«6i,6) 

5c.mpc* 

OKTSHa 
Taiin  (o. 

i  toe- 

a  ren- 
i  -55) 

6  l-MeTn.iaMiino6yr9H'l-OH-3 

I 

(MeTu.iaMnHo.MeTHaeaane- 

toh)  . 

72,0 

73,0  1 

79,6 

69,6 

71.5 

66,4 

70,2 

7  l-3TnJia»fnno6yTeB-l-OH-3 

73,1 

79,0 

SO, 4 

"1,4 

71,8 

C7,6 

71,2 

8  l-MpTir.naj<anonoiirc0-l-OH-3 

70,5 

76,5 

80,1 

68,4 

— 

64.4 

1  IMi'rn.iaMunnrBKCoad-oB-S 
10  l-.MoTu.iaMJino-5-MeTttflreK- 
re  h-1-ob-3  vMei  h.ibmhho- 

71,6 

77,8 

79,2 

68,2 

_ 

1 

Mornrteunior  pona.iaqo- 

,  ,  TO*)  . 

71,8 

77,2 

79,2 

68,4 

69,7 

65,6 

66,4 

J  i  1  hhhctiijj- 

iii'iiTpu-t-oa-S  . 

<2,4 

77,7 

79,5 

I  69,0 

70,5 

65,6 

68,0 

1 1  IMrTu.iaMtu:ooKTen-l-oa-3 

1  3  1  ■hTn.inMii  :o  .VHcrn^-en- 

71,6 

77,5 

— 

j  68,0 

— 

65,0 

— 

cpi  l-oa  3 . 

72,0 

77,5 

79,2 

69,1 

70,0 

65,6 

66,4 

: 

iPKrtn'.-oB-l  . 

71,4 

77,4 

79  4 

08.2 

70,2 

65,6 

1  r,2-MpTnfl»*<HH<>r-  1  ■$  1  oh-4 

71.2 

75,2 

— 

— 

64,;  i 

i 

— 

Aminomethj  one  whose  copper  derivative  was  added  to 

the  gasol '  ■ 


2)  Octane  number  after  addition  of  ...  mole/kg  of  copper  deriva¬ 
tives 

3)  B-70  gasoline  (69.2-octane) 

4)  Automotive  gasoline  (6l. 6-octane) 

5)  Mixture  of  isooctane  and  heptane  (55-octane) 

6)  i-Methylaminobutene-l-one-3  (methylaminomethylene  acetone) 

7)  l-Ethylaminobutene-l-one-3 

8)  l-Methylaminopentene-l-one-3 

9)  l-Methylaminohexene-l-one-3 

10)  l-Methylamino-5-methylhexene-l-one-3  (methyl ami nomethylene- 
isopropyl  acetone; 

11)  l-Methylamino-4, 4-dimethylpentene-l-one-3 

12)  l-Methy:iaminooctene-l-one-3 

13)  l-Ethylamino-5-methylhe>  ene-l-one-3 

14)  l-Isopropylamino-5-methylhexene-l-one  3 

15)  2-Methylaminopentene-2-one-4 . 


TABLE  5.42 

Antiknock  Stability  of  Gasolines  after  Addl 
tion  of  Salicylalimine  Copper  Derivatives 
(According  to  F.B.  Ashbel'  et  al.) 


1 

CannnJi.iaJtHKHiiu,  MMnue 
Dpoii3B0q:iue  hotopmx 
noC3B.ia.iMCb  ■  (Seas* mm 

p  OrraHoioe  ape  nofatatmt 

KftlHMI  nr’.'.iJBOJHMt,  MOM/m 

0.0025  j 

0.0! 

O.Oi 

.  - 

O.&it 

0,016 

0,011 

3 

fenaaiu  B—  70 
<0.  1.  —  70,0) 

4 

K-70  + !0% 
feiruuu 
(o.  ,0) 

S 

» 

$ 

lisle 

.  b 

|fi». 

Ins; 

7Ca.inunaaji3Tn.n«MnH  .  . 

71.8 

74,0 

74,7 

76,4 

09.8 

65,4 

8Ca.inun.ia.iiMonpona.in- 

Mnu  . 

71.0 

75.8 

74,7 

76.2 

69,2 

063 

9Ca.inniua.iC)yTnJin>inH 

71,0 

753 

75,4 

— 

67,0 

10Cainnn.ia.iinoa.MniH.MnH 

70.8 

74,4 

74,4 

76.5 

693 

663 

1  fci.inun.ia.ircKcnanj'DH 

— 

— 

783 

— 

— 

653 

1  dCa.miinna.ironTH.iaMHB 

— 

— 

75.9 

— 

— 

1)  Salicylalimine  whose  copper  derivative  was  added  to  the  gaso¬ 
line 

2)  Octane  number  on  addition  of  ...  mole/kg  of  copper  deriva¬ 
tives 

3)  B-70  gasoline  (70.0-octane) 

4)  B-70  +  10X  benzene  (71.0-octane) 

5)  Automotive  gasoline  +  10?  benzene  (63.4-octane) 

6)  Mixture  of  heptane,  isooctane  imd  benzene  (56.2-octane) 

7)  Salley lalethylimine  10)  Salicylalisoamylimlne 

8)  Salley  lalisopropyllmine  11)  Salicy  lalhexy  limir.e 

9)  Sail cy lalbutylamine  12)  Salicylalheptylimine. 
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TABLE  5.^3 

Receptiveness  of  Various  Fuels  to  Copper  An¬ 
tiknocks*  (According  to  F.B.  Ashbel*  et  al.) 


1 

TMJiiao 

2 

Oxnunaoe  quo  famara 

fiw  AO0UKB 

|  i|t  mcahumi  npoaitomaiB 

eTK 

(•  MMM- 

o.?TJS7*} 

5 

8TXUUMHHO- 

Mtrnjiev- 

aneTOaa 

Mei&i&MUfr- 
Hera  Ma¬ 
il  30Bpoo»a- 

8  ABTOMoGBJlbHlM  6*831101 

533 

60,6 

72,1 

54.0 

-- 

61,0 

65,7 

543 

64,6 

613 

663 

55.1 

— 

613 

663 

9  npnnoroBiutft  6*BMH 

56,4 

71.4 

673 

743 

543 

— 

65,0 

73 A 

1 0  Auia^Boumift  6emua 

B-70  . 

63.0 

77.0 

773 

833 

1 1  llsooKTtB-renTaBOwui 

exeefc  ........ 

40.0 

57 

53 

— 

55 

72 

67 

— 

70 

81 

79 

— 

•Content  of  copper  derivative  0 . G 9 £ . 


1) 

Fuel 

7) 

With  TEL  (concentration 

2) 

Gasoline  octane  number 

0.75  ml/kg) 

3) 

Without  additive 

8) 

Automotive  gas cline 

4) 

With  copper  derivatives 

9) 

Straight-run  gasoline 

5) 

Ethylaminomethyleneace- 

10) 

B-70  aviation  gasoline 

6) 

tone 

Methylaminomethyleneiso- 

propylacetone 

11) 

Isooctane-hepta.oe  mixture. 

detonation  stability  (Tables  5.41-5 . **3) .  They  come  close  to  the 
iron-organic  antiknocks  in  effectiveness.  However,  instability  in 
storage,  the  accelerating  effect  on  the  oxidation  of  gasolines, 
and  precipitation  onto  intake-manifold  walls  have  made  it  impos¬ 
sible  to  use  chelate  copper  salts  as  gasoline  antiknock  additives. 

Nonmetallic  antiknock  additives 

One  of  the  most  effective  antiknocks  among  the  aromatic 
amines  [63-701  is  monoiuethy lar.iline  (N-methyl aniline ,  Table  5,H). 


ntmuflo*uJ*v*a,  me  % 


Fig.  5.28.  Increase  in  octane  and  perform¬ 
ance  numbers  of  fuel  on  addition  of  monc- 
metby lanl line  [63.  A)  Performance  number; 
3)  methylanl 1 ire  concentration,  £  by  mass; 
C)  octane  number. 


This  compound  also  meets  other  requirements  made  of  gasoline  addi¬ 
tives.  Monomethylani]ine  is  more  effective  when  added  to  low-oc¬ 
tane  gasolines  (Table  5. 45).  Its  introduction  improves  the  anti¬ 
knock  stability  of  leaded  and  unleaded  gasolines  approximately 
equally  (Table  5.46) .  In  the  presence  of  monomethylaniline,  the 
performance  numbers  of  aviation  gasolines  are  increased  (Pig. 
5.28).  Unlike  tetraethyllead,  the  effect  of  monomethylaniline  is 
not  weakened  in  the  presence  of  sulfur-containing  compounds  in  the 
gasoline  (Table  5.47). 

At  the  end  of  the  Second  World  War,  when  the  production  of 
TEL  was  not  sufficient  to  meet  the  increasing  demand  for  it,  up 
to  2%  of  xylidine  was  added  to  many  aviation  gasolines  in  the  USA 
and  England  [64] . 

TABLE  5.44 

Effectiveness  [63]  of  Aromatic  Amines* 


CoeSBBua* 


Oopinrsa 


OrnocaTUfe. 
nan  *$#•»<- 

TIHOm 


EAbhahh . 

o-ToJiyaana  .... 

S2,6-ABMeTn.iaHiJim 
o-SiniaHH.^HH  .  .  , 

H  2,6-AnBTflaaaBnH  . 

I  N-MeTBaaauHB  .  . 

J  N-Mern.i-o-TO.’fyBaBB 
K  N-MeTBB-2  6-aDMeTBflaHBJBB 


C*H,NH, 

CH,C,H«NH, 

aw 

CH.C.H.NHCH. 

(CH,)AH^HCH. 


•The  effectiveness  of  N-methylaniline  wao 
taken  as  1.0. 


A) 

Compound 

G) 

0 -Ethyl aniline 

B) 

Formula 

H) 

2, 6 -Diethyl aniline 

C) 

Relative  effectiveness 

I) 

N-methylaniline 

D) 

Aniline 

J) 

N-met hy 1 -0 -t olui dine 

E) 

o-Toluidine 

K) 

N-methyl-2,6-dimethylani- 

F) 

2,6-Dimet*  ylaniline 

line . 

TABLE  5.45 

Influence  of  Monomethylaniline  on  Octane 
Rating  of  Paraffin-Base  Straight-Run  Gaso¬ 
line  [63] 


.  n.'UMM 
1  aacis 
aciaaaara 


■>  Oinnw  aaraa  (warepaui  varaa) 
*•  eoarpwauitfa  noaaiwraJuiiii.au*.  o< 


I 
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1)  Octane  rating  of  original  gasoline 

2)  Octane  rating  (motor)  of  gasoline  containing  ....  $  by  volume 
monomethylani ' ine . 


TABLE  5J\6 


Influence  of  Monomethylaniline  on  Antiknock 
Stability  of  Leaded  Gasolines  [63] 


^ftofoPKa 

TCXHIUCCKM© 

MOuOMeniJi- 

aHUJIlHft, 

% 

- T 

OxTtBOlot  nauio  (uoTopnui  unk) 

i  p«2or  -qnHI 
uewa/  a 

4  fenau,  ooA»pw*m»* 

fieniana 
e  OekIMMOM 

(to :  to) 

0.02%  T»c5 

o,oe%  T3c  6 

0 

1  . 

72,0  i 

784 

83,0 

78,5 

1 

76,5 

82i5 

87,5 

815 

2 

78,5 

84,0 

89,5 

830 

3 

SOfl 

85,0 

90,5 

. 

84,0 

1)  Amount  of  technical  monomethylaniline 
added,  $ 

2)  Motor  octane  number 

3)  Straight-run  gasoline 

4)  Gasoline  containing 

5)  0.02%  TEL 

6)  0.0655  TEL 

7)  Mixture  of  gasoline  with  bensene  (60: 40). 


TABLE  5.47 

Influence  of  Adding  0.1$  Eth:-'imercaptar  on 
Octane  Rating  of  Gasoline  Containing  TLL  and 
Monomethylaniline  [63] 


1 

3}ir**noM«  hojio  j 

(MOtJpBl/C  WN|)  | 

*1 

^Oktuiiii  wm 
(mrnpH—rm) 

i. 

Eusn 

Mepxaii- 

TUM 

4e  bo8u 

KOi  0,1% 

4. 

m»mh 

iwio.1% 

. 

Cowputtnyii  T8Cy  | 

%* 

0,00  .... 
0,03  t  1  «  • 

73,0 

?M 

73g0 

78,7 

Cojwjmunwi  no- 

•otMTawoun, 

*OA . 

m . 

m 

74A 

784 

744 

0,06  •  •  •  # 

B2J) 

80,0 

ijo . 

7CJ0 

784 

. 

wo 

774 

1)  Gasoline  5)  Containing  TEL,  % 

2)  Motor  octane  number  6)  Containing  monomethylanl- 

3)  Without  ethylmercaptan  line,  $. 

4)  With  0.1$  ethylmercaptan 
added 
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A  mixture  of  aromatic  amines  with  monomethylani  line  predomi¬ 
nant  was  at  one  time  manufactured  in  the  USSR  under  the  name  Eks- 
tralin  and  used  as  an  antiknock  additive  (AUSS  3737-47). 

Additives  that  Improve  Fuel  Combustion  In  Diesel  and  Jet  Engines 

Alkyl  nitrates  and  peroxide  compounds  that  accelerate  the 
preflame  oxidation  of  the  fuel,  thus  promoting  ignition,  are  used 
as  additives  that  raise  the  cetane  number  of  diesel  fuels.  The  ad- 


I; 


V 

c 

0 

4 

“t 

L 

S 

* 

/ 

N 

5^ 

B  Codepxamm 
cyflbtpupymutaa,  % 


Pig.  5*25.  Increase  in  fuel  cetane  number  on  addition  of  1%  of  ad¬ 
ditives  as  a  function  of  sulfonating  hydrocarbons  in  the  fuel 
[11]:  1,  4)  nitrates;  2,  3)  peroxide.  A)  Cetane  nuiriber  Increase; 

B)  content  of  sulfonating  hydrocarbons,  %. 


ditives  are  used  in  low-cetene  dieBel  fuels  in  amounts  of  1.0-2. OS 
to  produce  fuels  with  cetane  ratings  of  45-50. 

The  physicochemical  properties  of  the  industrial  alkyl  ni¬ 
trate  additives  are  listed  in  Table  5.48.  Data  on  the  cetane-num¬ 
ber  increase  obtained  when  alkyl  nitrates  and  peroxides  are  added 
to  fuel  in  amounts  of  1.01  by  mass  are  given  in  Table  5.49. 

The  effectiveness  of  the  additives  depends  on  fuel  chemical 
composition  (Fig.  5-29).  The  effectiveness  of  the  additives  is 
greater  in  straight-run  fuels  than  in  fuels  made  from  cracking 
products . 

Additives  of  the  alkyl  nitrate  and  peroxide  type  also  improve 
the  combustion  of  Jet  fuels.  A  number  of  other  substances  among 
the  esters,  sulfur  compounds,  etc.,  have  been  investigated  suc¬ 
cessfully  for  the  same  purposes  [11], 

Combustion  catalysts,  chiefly  organic  compounds  of  matuls 
3uch  as  copper,  iron,  cobalt,  chromium,  nickel  or  manganese,  can 
also  be  used  to  improve  combustion  [74]. 
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TAELE  5.48 


Physicochemical  Properties  of  Alkyl  Nitrates 
[71,  72] 


^IpnooAM 

Ilnor- 

2HOCTb 

jioHtMranb 

Dponoatntau 

** 

nD 

1  Tusaepa 
- 

}  *  >OTJI 

ryp».  *0 

ac&nsxa 

MoheKT- 

napauJt 

HC 

8  Aun-’raipai  . ] 

9  lLonpesiM&aTpaT  .  .  , 

0,668 

1,02 

1,413 

_ 

152 

88 

42 

Ui3 

105 

1)  Additive 

2)  Density 

3)  Refractive  index 

4)  Temperatures,  °C 

5)  Boiling  point 


6)  Plash  point 

7)  Molecular  weight 

8)  Amyl  nitrate 

9)  Isopropyl  nitrate. 


TABLE  5.49 

Increase  in  Fuel  Cetane  Number  or.  Addition 
of  Alkyl  Nitrates  and  Peroxides  L'73] 


1 

npasajoa 

1  O 

<■■  rmaotoa 
aaao  ronaaia 

Cm  npneaaM 

Bnoutmeme 
Miwmoro 
aacaa  toq.hu 

• 

4  IlionporaoBaipuT . 

44,0 

174) 

5  BynwHUTpaT  . *. 

44.0 

190 

6  AMammpiiT . 

444) 

234) 

7  OepeKHCb  Cyrnaa  . 

m 

20.2 

8  nepexn&  rcnraaa . 

49,3 

i«.i 

1)  Additive 

2)  Cetane  number  of  fuel  without  additive 

3)  Increase  in  fuel  cetane  number 

4)  Isopropyl  nitrate  7)  Butyl  peroxide 

5)  Butyl  nitrate  8)  Ileptyl  peroxide. 

6)  Amyl  nitrate 


3.  ADDITIVES  THAT  IMPROVE  THE  STABILITY  OF  FUELS  IN  STORAGE,  SHIP¬ 
MENT  AND  USE  AT  THE  ENGINES 

Additives  of  this  group  include  substances  that  tend  to  re¬ 
tard  the  oxidation  processes  of  fuels.  Oxidation  of  f.els  is  det¬ 
rimental  to  their  quality.  The  additives  also  moderate  the  detri¬ 
mental  effects  of  the  oxidation  products  formed. 

Antioxidation  Additives  (Antioxidants) 

Antioxidants  are  added  to  fuels  in  quantities  ranging  from 
thousandths  to  tenths  of  a  per  cent,  depending  on  the  type  of  an¬ 
tioxidant  and  the  fuel.  Soviet  and  foreign  commercial  antioxidants 
are  characterized  in  Table  5.50. 
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TABLE  5.50 

Commercial  Antioxidants  Used  to  Stabilize  Various  Types  of  Fuels 
[14,  75] 


•Contains  50*  of  absolute  methanol  or  isopropanol  as  a  solvent. 

1)  Additive 

2)  Concentration  used,  *  by  mass 

3)  Physical  properties 

4)  External  appearance 

5)  Density 

6)  Temperatures,  °C 

7)  Boiling  point 

8)  Melting  point 

9)  Flash  point 

10)  Molecular  weight  of  active  component 

11)  Field  of  application 

12)  Ionol,  Topanol  0,  Diopon  No.  29  (2,6-di-t«rt-butyl-4-methyl- 
p-phenol) 

13)  White  and  light  yellow  crystals 

14)  Automotive  and  aviation  gasolines.  Jet  fuels 

15)  Topanol  A  (2 ,4-dimethyl-6-tert-butyl-p~phenol) 

16)  Pale  yellow  liquid 

17)  Same 

18)  p-hydroxydiphenylamine 
19;  Light  gray  powder 

20)  Aviation  and  automotive  gasolines 

21)  Diopon  No.  5,  Tenaraen-L ,  U0P  No.  4»  (N,n-butyl-p-aminophenol) 

22)  Liquid 

23)  Chiefly  gasolines;  aviation  fuels 

24)  UOP  No.  5,  Diopon  No.  22,  Tenamen-2,  Topanol  M  (N,N' -di-»eo- 
butyl-p-phenylenediamine) 
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25)  Red  liquid 

26)  Recommended  for  aviation  kerosenes.  Principally  fuels  con¬ 
taining  clacking  products;  to  improve  sulfur-containing  gaso¬ 
lines 

27)  FCh-l6  (phenols  from  coal  tar  water) 

28)  Dark  brown  liquid 

29)  Belov; 

30)  Automotive  gasolines,  tractor  kerosenes 

31)  Recommended  for  aviation  kerosenes 

32)  FCh-4  (phenols  from  coal-tar  fractions) 

33)  Wood-tar  antioxidant,  grade  "B,"  UOP  No.  1”  (phenols  from 
wood  tar) 

3*0  Pyrolyzate 

35)  Brown  liquid. 


The  most  widely  used  among  domestJ  c  antioxidants  is  p-hydroxy- 
diphenylamine  (phenyl-p-aminophenol) ,  which  is  effective  in  all 
types  of  fuels:  it  stabilizes  the  decay  of  the  tetraethyllead  A 
leaded  aviation  gasolines  and  the  oxidation  of  unsaturated  hydro¬ 
carbons  in  automotive  gasolines  and  aviation  kerosenes.  A  disad¬ 
vantage  is  its  poor  solubility  in  fuels,  which  makes  it  necessary 
to  introduce  it  into  the  fuel  in  the  form  of  a  solution  in  aro¬ 
matic  hydrocarbons  o*  in  highly  aromaticized  gasoline.  The  alkyl 
phenol  antioxidant  Io.-.ol  -  2,‘:-di-£er£-butyl-:;-methylphenol1  — 
dissolves  without  limit  in  fuels  and  is  completely  insoluble  in 
water. 


TABLE  5.51 

Technical  Specifications  for  p-Dihydioxydi- 
phenylamine  (TU  U— 36 39  —52 ) 


1  noxaaaTW'J 

2  Hopw 

3  BnemnnQ  . 

^Bepnaa  cnJianaemiaa  tiacca  ot  cbbtjjo- 

3  T«Mnepaiyp&  n.iawieran,  #C  .... 

ceporo  ceporo  i^Bera 

69 — 74 

oPetKonn  boauo:1  buthwjm . 

KefiTpaflMun 

Snpnuecn,  nepacTBopnMua  b  Genaon* 

“ 

(npn  eoaepiKaunn  4  t  nposyKTB  • 
100  >B4  6BB30JJB),  %,  Ml  6o4B*  .  . 

0,2 

93o.ifcnocTb.  %,  ne  font* . 

11 

lOPacTBopiiMocri.  n  Cenann*  D-70  .  .  . 

flpn  Jtotfapneiinn  k  100  .«*  Ceaimia 

0,75  «  i  p.icrnopa  noKcnanijienrMa- 
mhiib  n  fionsone  (4  $  na  100-B-i)pa- 

CTDOp  .TOJI/KBII  C.JTh  npOapBMBB 

1) 

Index 

?) 

Norms 

j) 

External  appearance 

4) 

Solid  fused  mass  from 

light  gray  to  gray  in 

color 

5) 

Melting  point,  °C 

6)  Reaction  of  water  extract 

7)  Neutral 

8)  Impurities  insoluble  in 
benzene  (for  content  of 

4  g  of  the  product  in  100 
ml  of  benzene),  t ,  no 
more  than 


l/39  3 
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11) 


9)  Ash,  %,  not  above 
10)  Solubility  in  B-70 
gasoline 


On  addition  of  0.75  ml  of  solu¬ 
tion  of  p-hydroxydiphenylamine 
in  benzene  (4  g  to  100  ml)  to 
100  ml  of  gasoline,  the  solu¬ 
tion  must  be  transparent. 


TABLE  5.52 

Technical  Specifications  for  FCh-lS  Antioxi¬ 
dant  (VTU  MNP  590-56)  and  Wood-Tar  Straight- 
Run  Antioxidant  (AUSS  3181-6 3) 


1  noMuaiau 

2  OT-U 

3  SSESEt 

aanowMiiMi 

4  Biiemm#  nut . 

I^AHopoAHaM  caodoxaaa 

6 

Tuna *  Ktcxa- 

or  uexasnnecaax  npiw- 
ceft  uxcxMncraa  mom- 
hoctb  rapnaaaero  axa 

anaaocB. 

9 

7  n.riOTHOCTti  ej*.  He  HWKf, . 

Teneo-Kopameora  Asm 
W0 

ijoeo-uoo 

8  Coaepwerae,  %: 

9  oynmipTm,  hs  6ox«e  .  . 

4 

— 

10$enoiou,  b«  iieaee . 

85 

80 

llnpnneceft,  septCTBopraux  a 
TODJiaee  . . 

12  Orcyicnaa 

•  ' '  r~ 

13  Khcbothob  <jncac,  m  KOH  at  1 «, 

m  6o see  . 

20 

80 

14  IIpnpocT  coAepausM  cm  ox  a  100  mm 

6eBsaat  npH  floCaajnrjn  50  mb 

XHTHOXHCJinTeXX,  M,  BO  (Sow 

M 

W 

(ppaxuBOBBui  oocraa: 

• 

16  AO  220s  C  neperoHXOTex,  aiwu 

,  boat  *1  06101a.  94.  HeOoaea.  . 
16  ao  240s  C  nererOHnerca,  bubvi 

48 

— 

_  ,  bo  Ay.  94,  ae  6oaat  .  . 

16  AO  260s  C  neperoHJwrc*,  aWDoua 

58—88 

28 

70-78 

bo  Ay.  061  jmh.  94,  f«  6oaee  ,  . 
16  ao  270*  C  iieperoRBerca,  ixmu 

88 

85 

•0** 

BOAy,  oP*em.  94,  a*  mm  .  . 

17  BoAt,  94.  oe  6oxee . 

8 

6 

•Effective  as  of  1  January  1965. 

••Below  310°C. 

1)  Index 

2)  FCh-16 

3)  Wood-tar  antioxidant 
A)  External  appearance 

5)  Homogeneous  brown  or  dark  brown  oily  liquid,  free  of  mechani¬ 
cal  impurities 

6)  Dark  oily  liquid 

V  Density  p?#,  not  below 

8)  Consents,  % 

9)  Butyl  acetate,  not  above 

10)  Phenols,  not  below 

13)  Impurities  Insoluble  in  fuel 

12)  None 

13)  Acid  number,  mg  of  KOH  to  1  g,  not  above 

14)  Increase  in  tar  content  in  10C  ml  of  gasoline  on  addition  of 
50  mg  of  antioxidant,  mg,  not  above 

lr,>  Fractional  composition 

lb)  Distill  below  ...°C,  Including  water,*  t  by  volume,  not  above 
1 • 3  Water,  %  not  above. 
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TAbLE  5.53 

Physicochemical  Prop¬ 
erties  of  FCh-4  Anti¬ 
oxidant  (TU  MNP  285-49) 


1  nOMUTMH 

2  Bop  Ot 

rtnOTROCTb  C** . 

1,073 

Mo,iexyjinpuufi  see  ,  ,  . 

150 

roxpoKCBBbuoe  1BCTO  .  . 
IleflipaabDHe  coegBBe- 

12,0 

line,  m*c.  % . 

3onbnuCTb,  %  ..... 
Do«a  no  flnjy  h  Ciapxy, 

3.8 

0,002 

% . .  . 

Cjuah 

TABLE  5.54 

Physicochemical  Prop¬ 
erties  of  Pyrolyzate 


1  IIOKaMTMB 

2  Hop™ 

3  naOTHOCTb  C*»  .  .  .  .  . 

4  Co^p^-nHie  $paxqri, 

1,08 

BUKnnawipHX  ao  240*  C, 

52 

5  Khmothoo  <nuo,  mi 

KOH  ua  1  i  TOiuase 

80 

6  Coaepwaum  o-xnoxca- 

CenaoTOi,  %  .  I  ,  . 

11 

1) 

a 

Index 

1) 

2) 

2) 

Norm 

3) 

3) 

Density 

4) 

4) 

5) 

6) 

Molecular  weight 
Hydroxyl  number 
Neutral  compounds. 

5) 

7) 

%  by  mass 

Ash 

6) 

Content  of  fractions 
boiling  over  below 
240°C,  % 

Acid  number,  mg  of 
KOH  to  1  g  of  fuel 
Content  of  o-dihy- 
droxybenzenes,  %. 


TABLE  5.55 


Effectiveness  of  Antioxidants  in  Automotive 
Gasoline* 


Caoau  aaKrarecHM  (■  mi  n  a  100  ma) 

l 

p  nocat  OKxcaeMin  Lpa  1 10*  C 

Aiiraonaenmab 

■  npaeyrcTiia  ma* 

3  i* 

4  <i 

%  % 

Banana  KaTaftnnnecKoro  xpexaara 

Ge*  aiiTitoKXcxiTMX . .  . 

13 

25 

30 

Attieciipciuo.ibiiwt  copra  E  .... 

11 

13 

20 

a>H-ie . . . 

3 

1 

4 

Ilapoanur 

3 

3 

4 

•Concentration  0,05#  by  mass. 

1)  Antioxidant 

2)  Existent  gums  (In  mg  to  100  ml)  after  ox¬ 
idation  at  110°C  in  the  presence  of  copper 

3)  2  hours 

4)  Catalytic  cracking  gasoline  wjthout  anti¬ 
oxidant 

5)  Grade  B  wocd-tar  antioxidant 

6)  FCh-l6  7)  Pyrolyzate. 


TABLE  5.56 

Influence  of  Antioxidants  on  Gum  Formation 
in  Automotive  Gasolines 


1 

AllTaOKBCJMTWn, 
AO0«MAeme  x  Smmbbbm 

2 

Kmbm- 
TPBKU 
BHTBCKBO- 
BBffi, 
MBS.  % 

BVOM,  aeofeogta- 
mob  ara  o8po»o- 

nfvwo, 

4  «n*> 

5  BentuH  mtpMuuemtio  apt- 

, 

‘  ' 

KUHta  [63]: 

7 

6  tea  anTSOJUCUTMX 

— 

Xpaaenu  np»  reiattpa- 

10 

ApeBecaocMomoifl 
copra  B  . 

0,065 

rypi  40*  C 

54 

8  OH-16 . 

0,065 

180 

o  To  *» . 

10  n-OKcaaMieBOMittaM 

0,038 

68 

0,0065 

. 

26 

11  Bemun  A-72  [tfij: 

6  6e»  anrsoxnamTOM 

12 

Xpamne  upi  45—50*  C 

22 

npeaecDocwoBbHuft 
_  copra  B  ..... 
8  OH-16 . 

0,065 

0,03 

■  npicyinwi  HBBB0& 
MBCTBHJCB  (3  <**/•*) 

IS  110 
boon  170 

10  n-oxcona$eHfl;iaiiB4 

0,008 

>  170 

13  EthsuH  A-72  [65): 

6  f>eg  M.TrnoKncyar ».ir 

14 

Oxbcjmhfb  npa  tl0*C 

3* 

ApcBccsociiojnuaii 
CODTl  B . 

E  OH-18 . 

3.3 

OO 

a  apacyTcTBu  Mium- 
npa  HU 

l§£,. 

l6  y^yimonnuS  pptMC- 
uocvojibimfl  am- 

oxacanren  (ampo- 
jtBsar) . 

0,05 

>  6* 

1)  Antioxidant  added  to  gasolines 

2)  Antioxidant  concentration,  it  by  mass 

3)  Te3t  conditions 

4)  Time  necessary  for  formation  of  ?0  mg  of  gums  to  100  ml  of 
fuel,  days 

5)  Catalytic  cracking  gasoline  [63] 

6)  Without  antioxidant 

7)  Storage  at  40°C 

8)  FCh-16 

9)  Same 

10)  p-hydroxydiphenylamine 

11)  A-72  gasoline  [61] 

12)  Storage  at  45-50°C  in  presence  of  copper  plate  (3  emVliter) 

13)  A-72  gasoline  [65] 

14)  Oxidation  at  110°C  in  presence  of  copper  catalyst 

15)  More  than 

16)  Improved  wood-tar  antioxidant  (pyrolyzate) . 
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TABLE  5.57 

Effectiveness  of  Antioxidant  in  Diesel  Fuel 
Containing  Cracking  Components  [78] 


1 

AofaVIMMWl  MT*0K*0JlaTn« 

2 

KOBOeaip*. 
tun  1*7*. 
OKaMIBTWJt, 
MM.  % 

^Cuoni  •.  mt  m  tOO  *u 

Toomo 
«I0%  *p» 

UIMIMO. 

nanM 

0  10%  M0M80. 
wn  mnuuM 

TBMMOfV 

^KptMUB* 

6TOUaHBO  6e*  aBT80K8UaV888  .... 

54 

43 

7riiponMT  . 

0.1 

37 

27 

8<J>*I-16 . 

0,1 

33 

23 

91IonoA . 

0,1 

33 

31 

.  On-OxCHA*  j«BSllMB8 . 

0,015 

38 

24 

•Oxidation  for  2  hr  at  120°C  in  the  presence 
of  copper. 

1)  Antioxidant  added 

2)  Antioxidant  concentration,  %  by  mass 

3)  Gums,*  mg  to  100  ml 

5)  Fuel  wich  30?  cracking  component 

5)  Fuel  with  20?  catalytic  cracking  component 

6)  Fuel  without  antioxidant 

7)  Fyrolyzate  10)  p-hydroxydiphenyl 

8)  FCh-l6  amino. 

9)  Ionol 


TABLE  5.58 


Chemical  Stability  of  Leaded  Aviation  Gaso¬ 
line  Components*  [6]  [79] 


□«p««E  onSuMwn  so  roCT 
2  •••?— oo  (op*  nr  Ok  % 


8m  unon. 
->  mituii 


3EMi«oon  npanoft  roan: 

6  8)  cjrpuucHol  uln . 

7  81  filUltlKKOl  Bo^ra . 

3  aa  Sau^ftSiTeMoA  ao+ni . 

9KaTuanmaroro  *p#wr«n  (iiwwoo- 
Mvm): 

10ai  rypMicml  m . 

1181  opcmi  aofra . 

12T»XM8wcKBt  laxaitenoui: 

i  3o6p*»*8  1 . 

ofipwen  S . 

l4T»*3iw*8i  uKsnni: 

10*i  rypwieml  M+T*  . . 

11*»  opcmi  . 


~1 


i 

i 

<w 

<03 

(3 

13 


10 

II 

14 


I 

t 

II 

u 


•TEL  content  0.33?  by 

mass . 

1) 

Gasoline 

3) 

Without  antioxidant 

2) 

Period  of  stability  ac¬ 

U) 

With  0 . 00^1  by  mass  of 

cording  to  AUS3  6667-56 

p-hydroxydiphenylamine 

(at  110°C),  hr 

5) 

Baku  straight-run 
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6) 

Prom  Surakhany  petroleum 

10) 

Prom  Gur'yev  petroleum 

7) 

Prom  Balakhany  petroleum 

11) 

Prom  Orsk  petroleum 

8) 

Prom  Bibi-Eybat  petroleum 

12) 

Technical  alkyl  benzenes 

9) 

Catalytic  cracking  (avia¬ 

13) 

Specimen  . . . 

tion  components) 

14) 

Technical  alkylates. 

TABLE  5.59 

Effectiveness  of  p-Hydroxydiphenylamine  in 
Retarding  Decomposition  of  Tetraethyllead  in 
Aviation  Gasolines  [72] 


l 

n  'MMTWU 

2 

Brasaa  0«a 

unaoitMumw 

*  .  . 

4lIepnofl  cTfl6n»DOCTP  t*»  rOCT  6667—56 
(Dpi  110*  C),  n . 

<i 

>8 

5  npOflOaWHTWIllOCtfc  XpIMkSM  It  CM** 
six  a  ycsorasx  namoA  to uu  »  06* 
paaoMBiu  cmasoeacToro  oeasai  .  .  . 

14 

88 

1)  Index 

2)  Gasoline  without  antioxidant 

3)  Gasoline  with  p-hydroxydiphenylamine 
( 0 . 00-436  by  mass) 

4)  Stability  period  according  to  AUSS  6667-56 
(at  110°C),  h 

5)  Permissible  dump  storage  time  under  con¬ 
ditions  of  southern  zone  to  formation  of 
lead-containing  precipitate. 


TABLE  5-60 


Effectiveness  of  Antioxidants  in  Aviation 
Kerosene  Containing  Cracking  Components  [80] 


1 

2 

Kortwtp*- 
unv- . 
anuMTOM. 
ON-  % 

3  , 

kJU. 

MM.4WM 

IHM 

mn. 

lire 

UnaomiM  II  m 

Aptuciocwosuiil  copra  6  .  . 

0.06 

450 

36 

i»-Oi«*ai4>a*Muai  .  .  . 

0,01 

M0 

a* 

Hoaoa  .  .  . 

0.1 

60S 

10 

W* . 

0« 

686 

to 

1)  Antioxidant 

2)  Antioxidant  concentration,  %  by  mass 

3)  Time  of  oxidation  at  110°C  to  formation  of  15  mg  of  guma  per 
100  ml  cf  fuel,  min 

4)  Amount  of  gums,  mg  to  100  mi  after  10  h  at  110®C 

5)  Grade  B  wood-tar  antioxi-  7)  Ioncl 

dant  8)  PCh-4. 

f)  p-Hydroxydlphenylamine 
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Phenolic  antioxidants  from  coal  and  wood  tars,  even  the  most 
effective  ones,  are  useful  only  to  stabilize  fuels  containing  un¬ 
saturated  hydrocarbons.  Grade  B  wood-tar  antioxidant  is  inferior 
in  effectiveness  to  other  wood-tar  antioxidants  (grade  "A,"2  "in¬ 
hibitor  preparation,"2  pyrolyzate)  and  to  phenolic  antioxidants 
obtained  from  coal  -  FCh-l6,  FCh-4.  It  is  obtained  from  the  tars 
of  destructive  distillation  of  various  species  of  wood  [76] 
(preferably  birch  and  beechwoods);  it  represents  the  230-310°C 
fraction  ox'  these  tars. 

Pyrolyzate  i;  obtained  by  pyrolysis  of  wood-tar  oils.  In  this 
process,  some  of  the  less  active  compounds  in  the  wood  tar  are 
converted  to  more  active  antioxidants  [78]. 

FCh-Jl  antioxidant  is  obtained  from  the  kerosene  fraction  of 
semicoking  tar  from  Cheremkhovo  coals  (TU  MNP  285-^9),  and  FCh-16 
from  the  semicoking-tar  water  of  Cheremkhovo  coals  by  extraction 
of  the  phenols  with  butyl  acetate,  which  is  then  boiled  off.  The 
content  of  phenols  in  the  antioxidant  is  ^855  [77]. 

Tables  5. 51-5. 5^  present  the  technical  specifications  for  the 
basic  domestic  commercial  antioxidants,  and  Tables  5.55-5.60  data 
characterizing  their  effectiveness  when  added  to  certain  petroleum 
products . 

Metal  Deactivators 

Metal  deactivators  are  added  to  fuels  to  suppress  the  cata¬ 
lytic  action  of  active  metals  (for  example,  copper),  which  accel¬ 
erate  hydrocarbon  oxidation. 


Fig.  5.30.  Influence  of  antioxidants  on  retention  of  thermal  sta¬ 
bility  of  aviation  fuels  [21]  (storage  for  4  months  at  50°C):  I) 
T-5  fuel;  II)  T-l  fuel;  1)  oefore  storage;  2)  after  storage.  A) 
Sediment  in  oxidation  in  LSA  at  150°C,  mg  per  100  ml;  B)  without 
additive;  C)  with  Ionol  (0.055);  D)  with  p-hydroxydiphenylamine; 
E)  with  Ionol  (0.055)  and  metal  deactivator  (0.015). 


2  /  39  3 
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Pig.  5.31.  Influence  of  metal  deactivator 
on  storage  stability  of  gasolines  C 13 U : 

I)  southern  climatic  zone;  II)  middle 
climatic  zone;  1)  gasoline  with  antioxi¬ 
dant  only;  2)  gasoline  with  antioxidant 
and  metal  deactivator.  A)  Existent  gums, 
mg  to  ICO  ml;  B)  storage  time,  months. 


Pig.  5-32.  Stabilization  of  aviation  kerosenes  by  metal  deactiva¬ 
tors  [15]  (oxidation  at  110°C) :  1)  in  the  absence  of  copper;  2) 
in  the  presence  of  copper;  3)  in  presence  of  copper  and  metal  de- 
activator.  A)  Gums,  mg  to  100  ml;  B)  oxidation  time  ,  Ii. 


TABLE  5.61 

Physicochemical  Properties  of  Mf  cal  Deactivators 


1 

Qemmnatopu 

2 

3 

2HPSL 

IMMRK 

'  ELwt- 

M*tli 

r  6 

*  * 

•J*.  •/— * 

? 

*■«  (AMC) 

II  II  II  rt 

V\0H  H  A  U0A) 

i 

6 

JlmOKWHO** 

tm 

nw  MpMfUMM 

12S-1I6 

B  muMm, 
Qwmt*. 

uimfin  9  m$ 

m  faanafM 

10  !,2-A«cauaiMNA«ttnpoa*- 
MHiunn  (AM A.  T*M- 
Ml-flO) 

CM,— CH 

A 

u 

H 

HO^V 

■H 

_  u 

Tmao-ainap-  1 
mi  matmei*  1 

1 

-IS 

iM 

12 

T*  m 

]  -  CaMHI)— U-*4M*m4«M04 

(YW) 

1U 

IM 

.  ctmuhic 

KpaenMUM 

173 

1 

n  *5 
(1  TO.I.IHM 

Tpyaao,  —**«• 

•  — — 
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1) 

Deactivator 

10) 

1, 2-Disalieylidenepropyl- 

2) 

Formula 

enediamine  Tenaten- 

3) 

External  appearance 

60) 

4) 

Melting  or  pour  point,  °C 

11) 

Dark  amber  liquid 

5) 

Density  pS°,  g/cm* 

12) 

Same 

6) 

Solubility 

13) 

Salicylidene-o-aminophenol 

7) 

Disalicylideneethylenedi- 

Vi) 

Lustrous  orange  crystals 

amine  (4MC) 

15) 

Difficult  in  fuel,  good  in 

8) 

Lemon-yellow  plates 

acetone. 

9) 

In  fuel,  benzene,  alcohol; 

insoluble  in  water 

TADLE  5.62 


Effectiveness  of  Metal  Deactivators  in 
Cracking  Kerosene  [75] 


.1 

AMT«OK*M«Wnii 

2 

KoHgeHTpa- 
QHfl  1JITB- 
OKnwaTWWi 
M«C.  % 

1 

Cmojih  oocjie  yexapemoro  tamest***. ,  • 

^  MM  100  JU 

k 

6ea 

Mei&njia 

5 

B  XTpBCyT- 

CTBMfl 

MW* 

0  HCnUD  ■  lOCUM- 
meM  ammibmtop* 

g  WIUU  ** 

I 

B 

7n-OKcn;m<i>eHHnauHH  .  . 

0,02 

24 

129 

26 

18 

QIIoboa . .  .  .  . 

0.2 

24 

68 

36 

26 

90>q-ifl . 

0.1 

21 

32 

19 

. 

0.1 

24 

64 

19 

28 

lO^peBecHocMontBui 

N 

copr  B . 

0.1 

• 

11 

212 

i 

50 

c 

•Oxidation  for  A  h  at  100°C. 

••I  is  salicylidene-o-aminophenol  (0  013?); 
II  is  disalicylideneethyler.eaiamine  (0.0 2% ) . 


1) 

Antioxidant 

7) 

p -Hy  droxy dipheny lamine 

2) 

Antioxidant  concentration , 

8) 

lonol 

J  by  mass 

9) 

FCh-l6 

3) 

Gums  after  accelerated 

10) 

Grade  B  wood-tar  antioxi¬ 

oxidation,*  mg  to  100  ml 

dant  . 

H) 

Without  metal 

5) 

In  presence  of  copper 

6) 

With  copper  and  metal  de¬ 
activator  additive** 
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TABLE  5.63 

Stabilization  of  Tetraethyllead  Decomposi¬ 
tion  by  Metal  Deactivators  [98] 


2 

1  KonneKTp*- 

AoOtMftttfue  oeaKTBMTapu  «•*»«»■ 


COJDMMRae  lIUOIOl 
wnoKoeta  P-f,  ma/w 


mu  araxn-  >  c 

■iTopa  4  j 

Mt/nt  ico  -ua  ao  on*  °  A'**  tcko- 

rniHim  pCHi.OTO  OKB- 


7  Eeaaua  aBnaonoumii)  6et 
npncaaox . 

9  CaaoimanaeH-o-auniio^e- 
noa . 


11  JlucanaaBflHAfHaTBWH- 

iTBBMHH . 


Ooaaoi^  boom 
TCKoptaaoro 


8 

06a.ihml 

6muA 

•4Sm. 


Deactivators  added 
Deactivator  concentration, 
mg/100  ml 

R-9  ethyl  fluid  content, 
ml/kg 

Before  oxidation 
After  accelerated  oxida¬ 
tion 

Sediment  after  acceler¬ 
ated  oxidation 


Aviation  gasoline  without 

additive 

Abundant,  white 

Salicylidene-o-amlnophenol 

None 

Disalicylideneethylenedi- 
amine . 


TABLE  5 .64 

Effectiveness  of  Metal  Deactivator  in  Sulfur- 
Containing  Diesel  Fuel  with  Catalytic  Crack¬ 
ing  Component 


1  OOftMOt 


KonqeaTpattn 


4Too«nao 

5  0«i  Dpncuiox  ...... 

5  c  npouMroii . 

7  C  AMKTaUTODOM  UITIUI 

A  e  <J>44 . 

“  C  JtMKTB  MTOpOM  MITIUI 


•Oxidation  for  2  h  at  120°C  in  presenoe  of 
copper. 


1)  Specimen 

2)  Additive  concen¬ 
tration,  %  by 
mass 

3)  Gums,*  mg  to  100 
ml 


4)  Fuel 

5)  Without  additives 

6)  With  pyrolyzate 

7)  With  metal  deac- 
tivator 

8)  With  FCh-4 . 


In  themselves,  metal  deactivators  have  no  significant  anti¬ 
oxidant  effect  and,  as  a  rule,  are  not  used  without  antioxidants. 
Their  optimum  concentrations  are  5-10  times  smaller  than  those  of 
antioxidants.  The  metal  deactivator  forms,  with  the  metal  ions, 
complexes  of  a  certain  structure,  in  which  the  metal  is  in  an  in¬ 
active  state.  Hence  only  compounds  capable  of  forming  complexes 
with  ''claw-like"  structure  (or  "chelates")  can  be  used  as  such  ad¬ 
ditives  . 

Salley lidenes  -  condensation  products  of  salicylaldehyde  with 
amines  or  amlnophenols  -  have  come  into  use  as  commercial  metal 
deactivators .  Salicylidene-o-aminophenol,  dlsaiicylideneethylene- 
diamine,  and  disalicylidenepropylenediamlne  have  proven  most  ef¬ 
fective.  In  ready-to-use  form,  the  additives  are  20-50$  solutions 
of  the  salicylidene  in  toluene  or  xylene  as  a  solvent. 

The  properties  of  metal  deactivators  in  pure  form  are  given 
in  Table  5.61.  Their  addition  to  all  types  of  fuels  -  gasolines, 
aviation  and  diesel  fuels  —  is  recommended.  Tables  5.62-5.64  and 
Pigs.  5.30-5.32  show  the  effectiveness  of  metal  deactivators  in 
various  fuels . 

Metal  deactivators  are  also  effective  in  stabilizing  the  de¬ 
composition  of  TEL  even  when  antioxidants  are  not  present. 

Dispersing  Stabilizers  that  Prevent  Formation  of  Insoluble  Sedi¬ 
ment  in  Fuels 

Dispersing-agent  stabilizers  are  added  to  fuels  that  have  a 
tendency  to  form  insoluble  products  on  oxidation  (for  example, 
those  containing  sulfur,  diesel  fuels  with  cracking  components, 
distillate  boiler  fuels),  with' the  purpose  of  protecting  the  fuels 
from  oxidation  and  dispersing  insoluble  products  that  have  formed 
in  them.  These  functions  may  be  performed  in  the  additive  by  two 
or  more  different  chemical  compounds  or  by  a  single  compound  ex¬ 
hibiting  both  types  of  properties. 

As  a  rule,  dispersing  agents  nve  surface-active  compounds. 
They  prevent  the  coagulation  and  adhesion  of  fuel-insoluble  par¬ 
ticles  into  large  aggregates  that  are  capable  of  settling.  The  ac¬ 
tion  of  the  dispersing  agents  is  similar  to  that  of  peptizers  in 
colloidal  systems. 

Formation  of  insoluble  oxidation  products  is  observed  in  me¬ 
dium  distillate  fuels,  including  the  kerosene  and  gas-oil  frac¬ 
tions,  chiefly  as  a  result  of  nonhydrocarbon  fuel  components:  sul¬ 
fur,  nitrogen,  and  oxygen  compounds.  This  process  takes  place 
slowly  in  most  fuels  at  normal  storage  temperatures.  Fuels  con¬ 
taining  active  sulfur  compounds  and  considerable  quantities  of 
cracking  products  are  an  exception.  At  elevated  temperatures, 
which  may  arise  in  the  fuel  systems  of  "hot"  modern  engines,  the 
oxidation  processes  of  unsaturated  fuel  components  are  accelerated 
and  measures  against  tne  formation  of  fuel-insoluble  products  be¬ 
come  an  important  use  problem. 

Dispersing  agents  are  classified  as  ash-containing  and  ash¬ 
free  depending  on  their  chemical  nature.  The  former  include  metals 
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TABLE  5.65 

Physicochemical  Properties  of  Dispersing 
Fuel  Additives 


1 

□oxmitiaa 


k  ITflOTHOCTb,  pj* . 

5  Bhsko ctb  KHBewameciufl  cpa  100*  C, 

ecn . . 

6  Koa$$HqaeBT  npaaouaesu  n% 

7  TeMDep«Typa,  *C: 

8  Bdunmai . 

o  sacniMmw  .  . . 

10  Kacaomo*  racao,  mi  KOH  b»  1  *  .  . 

11  PacTBopHuocTb  a  boas,  mbc.  %  .  .  . 

13  3or.fcHocTb,  %4  a*  mcbsb . 

15  HfcjicrauocTb  axoBBaaeBTBifl,  mi  KOH 

Ha  it.  . . . 

16  MexamnecKBe  npauaca,  X.  Be  6oaea 

17  Boot.  % . 


Cg»£* 


•TV 

■oiuniej 


QoAnaua  cobosl 
g  (iWMWW) 


I* 


18-20 

180 

M 

5 

0.1 


0,902 

65 


41 

—29 

lainaa 

1  kprerri 

,1*8 

14- 

Oteytenm 


03740 

80 

13550 


02 


•The  commercial  American  additive  "DuPont 
FOA-2."  A  copolymer  of  dodecyl  methacrylate 
and  diethylaminoethyl  methacrylate. 
••Experimental  specimen. 


1) 

Index 

11) 

Water  solubility,  %  by 

2) 

Sulfonates  (ash) 

12) 

mass 

3) 

Polar  copolymers  (ash¬ 

Less 

free) 

13) 

Ash,  %,  not  below 

4) 

Density 

1*5 

None 

5) 

Kinematic  viscosity  at 

100°C,  cSt 

16) 

Alkali  equivalent,  mg  of 
KOH  to  1  g 

6) 

Refractive  index 

16) 

Mechanical  impurities,  % 

7) 

Temperatures,  °C 

17) 

no  more  than 

8) 

9) 

10) 

Flash  point 

Pour  point 

Acid  number,  mg  of  KOH  to 

Water,  %. 

1  g 


TABLE  5.66 

Technical  Specifications  for  -/Nil  NP-102 
Boiler  Fuel  Additive  (from  VTU  NP  39-59) 


I 

noMtatMa 


H«bm 


Unaoraom  at  hi  am . 

£ Kohhbwtbo  Ha^Tawna,  %,  na  6oaea 

3$paxnaomi8  eocma: 

§  bimbo  Kaataaa,  *C,  na  aawa 
10  W  305*  C  raparotaBTo*,  %,  m 


1;>  *0  350*0  naperonaaTca,  H.  — 

MOMO . .  . 

IjTfwiapaTyra,  »C: 

lU  Bcnumxi  (a  otkputom  raraa), 

Bb  maw . 

15  aacTi.Mnna,  ua  aiioa . 


0,960 

5.0 

180 

78 


55 

-10 


Hiram 


3 


TOCT  3900-47 

Ilo  n.  4  iMToassu  m» 

taocaai  yeaoamt 

^OCT  2177-58 

Octitok  nocat  orroaa  9674 
noaaraH  6mtb  dojihbm 
npa  raanapaTTpa  80*  C 


rOCT  4333-48  l6 
TOCT  1533-42;  6aa  npa*. 
naparaatnoro  a  nocnay* 
totncro  harpaaa  aa  50*  C 
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TABLE  5.66  (continued) 

IIOKiMTUUi  Bopnu  Meroau  t'caunBil 


17  Iloaaoe  incno,  *  1  aa  100  *  opi- 

cajan,  ue  6ojiw . . 

18 KoKcyeMOCTi,  %,  ae  6ojree . 

19Cyflb4>upyeMue  BemecTM,  %,  ue  ne> 

21Boaa,  %,  ae  60  ?  . ! 


1)  Index 

2)  Norm 

3)  Test  method 

4)  Density  pi0,  not  below 

5)  AUSS  3900-47 

6)  Amount  of  naphthalene,  %, 
not  above 

7)  Section  4  of  these  tech¬ 
nical  specifications 

8)  Fractional  composition 

9)  Start  of  boiling,  °C,  not 
below 

10)  Distilled  below  305°C,  %, 
not  below 

11)  Residue  after  95»  distil¬ 
lation  should  be  mobile 
at  20°C 


18  TOCT  2070-55 

0,75  TOCT  5937-51 

98  TOCT  2706-57,  a.  IP 

2,0  TOCT  2477-44 

12)  Distilled  over  below  350°C, 
%,  no  less  than 

13)  Temperatures,  °C 

14)  Flash  point  (open  cru¬ 
cible),  not  below 

15)  Pour  point,  not  above 

16)  AUSS  1533-42;  without  pre¬ 
liminary  or  subsequent 
heating  to  50° C 

17)  Iodine  number,  g  of  I  to 
100  g  of  additive,  not 
above 

18)  Coking  capacity,  %,  not 
above 

19)  Sulfonating  substances,  %, 
not  below 

20)  ...»  Section  XI 

21)  Water,  t ,  not  above. 


TABLE  5.67 


Influence  of  Dispersing  Stabilizers  on  Forma¬ 
tion  of  Insoluble  Residues  in  Fuel  during 
Storage  [8l] 


l 


Be  1  upncBUtH  .  , 
AJIKHJMUlfl  . 
CyawfonaT  itfYuut* 
floaftpHuA  nojump 


15,0 

9,0 

7,6 

5.3 


1)  Additive 

2)  Insoluble  residue  (in  mg  to  100  ml)  after 
storage  at  43°c 

3)  6  weeks  6)  Alkylamine 

4)  18  months  7)  Metal  sulfonate 

5)  Without  additive  8)  Polar  polymer. 
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TABLE  5.68 

Influence  of  Additives  on  Fno1  Thermal  Sta¬ 
bility  [6.] 


Townuo 


F  Cueei>  TonJinsa  f-2 
e  30%  KpcKHur- 
xounoueuTa 


J  TonJMBO  TC-1, 
coaepaumeo 
0,045%  »H>pican- 
tuhoboO  copu 

L  Toiuiubo  T-l 


0  Toiijibbo  TC-1 


A) 

Fuel 

J) 

Fuel  TS-1  containing 

B) 

Additive 

0.0 1*5%  mercaptan  sulfur 

c) 

Additive  concentration. 

K) 

Same 

t  by  mass 

L) 

Fuel  T-l 

D) 

Oxidation  conditions 

M) 

Polar  polymer  FOA  2 

2) 

Sediment,  mg  to  100  ml 

N) 

150°C,  4  hr,  with  copper 

F) 

Mixture  of  fuel  T-2  with 

plate 

30 %  cracking  component 

0) 

Fuel  TS-1. 

G) 

Without  additives 

H) 

C 1 0  -Ci,  0  aliphatic  amines 

I) 

120°C,  6  hr,  with  VB-2H 

bronze  plate 

as  salts  of  petroleum  sulfo  acids  (calcium  or  barium  sulfonates) 
or  of  naphthenic  acids.  The  ash-free  dispersing  additives  include 
aliphatic  alkylamines  and  the  so-called  polar  polymers,  which  are 
products  of  copolymerization  of  two  (or  three)  monomers  of  which 
one  carries  the  active  properties  of  the  additive  and  contains  a 
polar  group  (nitrogen  base),  while  another  is  a  nonpolar  compound 
and  forms  the  oleophilic  part  of  the  additive,  which  ensures  that 
it  will  be  soluble  in  the  fuel.  The  third  monomer,  if  there  is 
one,  performs  no  additional  functions,  but  serves  only  to  lengthen 
the  copolymer  chain. 

The  physicochemical  properties  of  various  dispersing  stabi¬ 
lizers  are  listed  in  Tables  5.65  and  5.66.  Their  effectiveness  is 
characterized  by  the  data  given  in  Tables  5.67  and  5.68. 

Figures  5-33  and  5.31*  and  Table  5.69  show  the  influence  of 
adding  aah-  and  ash-free-type  dispersing  agents  on  the  high-tem¬ 
perature  filterability  of  fuels. 
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uMtuvimt,  huh 


Pig.  5-33.  Improvement  of  diesel-fuel 
filterability  at  elevated  tempera¬ 
tures  from  the  use  of  dispersing  sta¬ 
bilizers:  1)  fuel  without  additive; 

2)  with  amine-type  additive,  0.05%; 

3)  with  polar-polymer-type  additive, 

0 . 05% .  A)  Filter  resistance,  mm  Hg; 

B)  test  time,  min. 


B  / IpodMxumeubHVCm »  ucntmamtn,  mat 


Pig.  5.3**.  Improvement  of  high-temperature  filterability  of  avia¬ 
tion  kerosenes  from  the  use  of  dispersing  stabilizers:  1)  fuel 
without  additive;  ?.)  with  sulfonate  additive;  3)  with  polar-poly¬ 
mer  additive.  A}  Filter  resistance,  nun  Hg;  B)  test  time,  min. 


In  residual  boiler  fuels,  dispersing  stabilizers  prevent 
formation  of  sludges,  ensure  compatibility  of  different  fuels  and 
inhibit  the  settling  of  asphalt-tar  substances.  Use  of  these  addi¬ 
tives  makes  it  possible  to  reduce  the  amount  of  labor  and  money 
spent  on  removing  asphalt-tar  sediment  from  storage  tanks.  This 
method  of  cleaning  tanks  is  about  30  times  more  economical  than 
the  most  commonly  used  mechanical  procedure  [82]. 

The  additive  VNII  NP-102,  which  is  a  fraction  of  naphthalene 
homologues,  basically  disubstituted  naphthalenes  (see  Table  5.66) 
is  an  effective  commercial  additive  for  residual  fuels.  VNII  NP- 
103,  a  modification  of  this  additive,  contains,  in  addition  to  the 
naphthalene  homologues,  small  quantities  of  various  elements: 

0 .261  barium,  0.12?  phosphorus  rnd  0 . *12%  copper.  The  barium  and 
phosphorus  are  introduced  in  the  form  of  a  barium  alkyldithiophos- 
phate  or  a  barium  phenolate  and  a*  alkyl d! ihiophosphate,  and  have 
the  function  of  enhancing  the  dispersing  and  anticorrosion  proper¬ 
ties  of  the  additive,  -coper  is  introduced  in  the  form  of  the 
naphthenate  ar.d  se  .  -0  to  improve  ccmbustion  of  the  fuel. 
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TABLE  5.69 


Influence  of  Dispersing  Stabilizers  on 
Thermal  Stability  of  Fuels  [77] 


I 

Tncmm 

2 

fricneptTTP* 

■emlrira, 

•C 

Tcptnrweni*  enduMoen 
(ap«v«  ao  Mcopmu  txatrpc), 

^  MM 

k 

*C3  npECMKB 

e  apscaKKOt 
ran*  coaosnte- 

5  po" 

6  lonaaao  T-5  . 

180 

90 

'  >800 

7  To  m$  .  .  . . . 

200 

240 

>800 

g  flnwakuoe  cepucro* . 

100 

10 

>800 

1)  Fuel 

2)  Test  temperature, 

3)  Thermal  stability 
filter),  min 

4)  Without  additive 

5)  With  copolymer- 
type  additive 

6)  T-5  fuel 


°C 

(time  to  clogging  of 

7)  Same 

8)  Sulfur-containing 
diesel  fuel. 


Dispersing  additives  of  various  types  can  be  used  together  - 
for  example,  polar  copolymers  mixed  with  primary  alkyl&wlnes  [83]. 
In  this  case  we  observe  a  synergistic  effect.  The  recommended  ra¬ 
tio  of  amine  to  copolymer  in  such  additives  ranges  from  3:1  to  8:1 
(on  the  active  polymer  component).  The  concentration  of  the  com¬ 
bined  additive  in  the  fuel  ranges  from  0.001  to  0.C45J  by  mass. 

4.  ADDIHVES  THAT  REPUCE  THE  HARMFUL  EFFECT  OF  FUELS  ON  APPARATUS 
AND  MECHANISMS 

Additives  of  this  group  include  substances  that  are  capable 
of  mitigating  the  harmful  effects  that  the  fuel  may  have  on  appa¬ 
ratus  and  mechanisms  during  use.  They  are  the  corrosion  inhibitors, 
additives  that  reduce  wear  of  fuel-system  rubbing  parts  (antiwear 
additives),  those  that  reduce  varnish  and  deposit  formation  and 
wear  in  the  piston-cylinder  group  of  the  engine,  and  additives 
that  reduce  corrosion  of  gas  turbines  by  the  combustion  products 
of  residual  fuels. 

Anticorrosion  Additives 

Corrosion  Inhibitors  ior  anticorrosion  additives)  can  be  used 
effectively  in  fuels  of  all  types.  Metal  correal is  caused  by 
the  produces  of  fuel  oxidation  or  by  active  sulfur  compounds.  Hence 
the  fuels  most  vgressive  toward  metals  are  those  containing  sub¬ 
stantial  quantities  of  unstable  hydrocarbons  or  active  sulfur  com¬ 
pounds  (chiefly  mercaprana).  Rapid  corrosion  is  observed  in  leaded 
gasolines  as  a  result  of  their  content  of  halide  scavengers.  Cor¬ 
rosion  is  intensified  when  water  is  present  in  the  fuel  -  cither 
dissolved  or  as  a  separate  ph<.  v  -  since  the  rate  of  electrochemi¬ 
cal  corrosion  then  rises  sharply. 


TABLE  5.70 


Technical  Specifications  for  KSK  and  ASK  Sul¬ 
fonates  (from  Interdepartmental  TU) 


.  '  1 

1 

noKiMTtaa 

KUWU 

KCK 

Cjnt&agr 

ibm ana 

ACM 

4  Bmkocti.  XHBeMaTHiecKa  n  npn  100°  C,  eem  ... 

5  Teaneparypa  bcdmihxh  (b  otxputou  rarae),  BC  se 

IDM . 

18-20 

180 

3,6 

5,0 

0,1 

15-25 

1 

6  3om>aocn,  %,  Be  uemt . 

7  njejioiHocTB  bo  CHBevy  6pon<5'euojiy,  mi  KOH  bb 

1  *,  BB  U6BM . 

1,0 

_ 0,1 

8  MexannecRBe  upaweca,  %,  bs  6oaee . 

q  Boat  . 

1)  Index 

2)  KSK  calcium  sulfonate 

3)  ASK  ammonium  sulfonate 

4)  Kinematic  viscosity  at  100°C,  cSt 

5)  Flash  point  (open  crucible),  °C,  not  below 

6)  Ash,  $,  not  below 

7)  Bron?5henol  blue  alkalinity,  mg  of  KOH  to 
1  g,  not  below 

8)  Mechanical  impurities,  %,  not  above 

9)  Water  10)  None. 


TABLE  5.71 


Physicochemical  Properties  of  NG-203  Additive 


1 

noMMNM 

■ 

2 

K.paa 

A 

3  * 

4  » 

5  Co^epwauaa,  %,  na  a iiixy: 

O  10C*4-Horo  cy.'b^onaTt  xaabipu . 

12-14 

7-10 

7-10 

7  oxB&teBBoro  narpoaaTyii* . 

10-12 

6-8 

6-8 

8  BaiKoctb  MBReanTiiBecBaa  (a  ctm)  ape: 

50*  C . 

— 

— 

25-36 

100«C . 

25-50 

10-15 

9  Tewneparypa  aenuniHB  (a  mapuToii  tarn*), 

•C,  na  man* . 

180 

170 

150 

10  tQaaoauooTV,  mi  KOH  ua  I  a  ne  wtaa*  .  ,  , 

4.0 

2.0 

2,0 

11  SoaaaocTv  %,  w  muea  . 

3.0 

2,0 

1,5 

12  Maiaaiwe:RB«  rp«M«w,  54,  ua  fiojm  .... 

0,04. 

0.02 

0C3 

1  % . 

1 .  OTcyrctaw 

1) 

Additive 

3) 

B 

2) 

Type 

4) 

V 

5> 

Content,  X, 

on  lubricant 

6) 

100 X  calcium  sulfonate 

7) 

Oxidized  petrolatum 

8) 

Kinematic  vi3C03ity  (<*St)  at 

9) 

Flash  point 

(open  cruc.'ble), 

°C,  not  below 

10) 

Alkalinity , 

mg  of  KOH  to  1  g 

,  not  below 

11) 

Ash,  J,  not 

oeiow 

12) 

Mechanical 

lmpurltic-u,  X,  not  above 

13) 

Water,  % 

1«0 

None , 

-  170  - 


t 


TABLE  5.72 


Effectiveness  of  Petroleum  Sulfonates  as  Cor¬ 
rosion  Inhibitors  [8^] 


2 

Abmamov  roauto  opflitot  naparoaita, 
ooBapwaniM  O.OBtft 
r>  Mapaaaraaeaofe  etpx 

1 

IJpaeuM 

Komow- 
rpaiuia  • 
npncwnta, 

xae.  ft 

k  OTtaa  ex.  I  ’ 

|  5  aaryaa  JTC-lt 

"BBT 

Koa^i- 
natHT  aa- 
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7  * 

■TO*! 

T*™' 

8  Bea  nraetAXi  . 

9  HIM02  (KoaqeaTpaT  cyn* 

2,6 

1 

0,56 

<$>oaau  KWhttMB  m  uses* 

AC-9,5)  .... 

0,05 

0,34 

87 

__ 

_ 

10  KoHneHTpaT  cyai$ out* 

Ka.ibnnH  aa  uacaa  AC-6,5 

0,005 

0 

100 

0,56 

0 

0,01 

0 

100 

0 

to® 

0,05 

0 

100 

0 

100 

11  KoaaeuTpaT  cy.ii4oaara  ax- 

xoana  aa  uacaa  AC-9,5 

0,005 

1,59 

39 

0,01 

0,56 

76 

— 

0,05 

0 

100 

0,79 

0 

12  KoHaeaipaT  cyaa^oaata  ax- 

xoana  aa  uacaa  AC-6,5 

0,005 

0 

100 

0,68 

0 

0,01 

0 

100 

0,68 

0 

0,05 

0 

100 

0 

100 

13  KonaeHTpaT  cyafcdtoaaTa  6a- 

paa  n.i  xacaa  AC-6,5  .  . 

14  KoHaeuTpaT  cyawfcoaaTa 

0,05 

0 

100 

0,45 

33 

CBuaaa  ua  xacaa  AC-6,5 

0,05 

0 

100 

0,23 

66 

15  KoaqeBTpaT  eyai^oaaTa 

naxpna  na  Maaia  AC-6,5 
16  Hr-203A  (KoaaearpaT  eyxk- 

0,05 

0 

100 

0,45 

33 

$oaara  Kaautaa  aa  xacaa 
AC-6,5) . 

0,01 

0,68 

74 

- 

— 

•Converted  to  active  part. 

••Difference  between  100$  and  ratio  of  amount 
corrosion  with  additive  to  amount  without 
additive,  expressed  in  $. 


1) 

Additive 

11) 

Ammonium  sulfonate  concen¬ 

2) 

Concentration*  of  addi¬ 

trate  from  oil  AS-9.5 

tive,  $  by  mass 

12) 

Ammonium  sulfonate  concen¬ 

3) 

Straight-run  diesel  fuel 

trate  from  oil  AS-6.5 

containing  0.059$  mercap¬ 

13) 

Barium  sulfonate  concen¬ 

tan  sulfur 

trate  from  oil  J.S-6.5 

*) 

Steel  St.  3 

IS) 

Lead  sulfonate  concentrate 

5) 

Brass  LS-59 

from  oil  AS-6.5 

6) 

Corrosion,  g/m* 

15) 

Sodium  sulfonate  concen¬ 

7) 

Coefficient  of  protec¬ 

trate  from  oil  AS-6.5 

tion, ••  $ 

16) 

NO-20 3A  (calcium  sulfonate 

3) 

Without  additive 

concentrate  from  oil  AS- 

9) 

NG-1C2  (concentrate  of 
calcium  sulfonate  from 
oil  Af-9 .5) 

6.5). 

10) 

Calcium  sulfonate  concen¬ 
trate  from  oil  AS-6.5 
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Fuels  which  in  unsatarated  hydrocarbons  are  usually  stabi¬ 
lized  with  antioxidants  (or  metal  deaetivat ors) ,  which  also  act  to 
some  extent  as  corrosion  inhibitors,  retarding  the  formation  of 
aggressive  hydrocarbon-oxidation  products. 

In  the  fuel,  corro  ,ion  inhibitors  act  by  one  of  the  following 
mechanisms:  a)  as  surface-active  compounds,  forming  a  protective 
film  on  the  metal  by  oriented  adsorption  of  polar  groups;  b)  they 
have  a  neutralizing  effect  on  acidic  aggressive  products;  c)  they 
react  chemically  with  the  metal  to  form  a  protective  film  on  its 
surface . 

Rust  inhibitors,  which  prevent  corrosion  oi  metals  by  fuel  in 
the  presence  of  water,  are  rest  commonly  used. 

Various  chemical  compounds  have  been  suggested  as  corrosion 
inhibitors:  esters,  diesters,  amines,  metal  nephthenates,  petro¬ 
leum  sulfonates,  organic  acids  and  their  salts,  hydroxy carboxylic 
acid,  etc.  Application  of  corrosion  inhibitors  to  sulfur-contain- 
xng  fuels  is  most  important  for  domestic  practice. 

Tables  5.70  and  5.71  give  physicochemical  properties  of  cer¬ 
tain  sulfonate -base  additives. 

TABLE  5.73 

Protection  of  Steel  and  Brr-.s  from  Corrosion 
by  Sulfur-Containing  Diesel  Fuels  on  Add  .tion 
of  Calcium  Sulfonate  [8*4] 


1 

nOK*23T«a« 


KoimeHTpar  KoHBturprr 
cyjit^oKiTa  cy3k4Mna 


KtJlMUK 

KCK 

»  iue.il 
«,  AC-6,5 


mow 

KCA 


p  KoHneHTpattns  npncM'-H,  Mac.  ...  .  — 

5  jJsMJifcBoe  tom  ago  iginft  neptfoaxa,  co- 

aepwimee  0,01%  ,1'pKanTiHoeol  espw: 

7  £TaTk  Ct.  3 

0  aoppoaaa,  i/m*  .  1,2 

9  aoi^ianueiiT  aamaro,  % .  — 

10  Craa*  U1X-15: 

8  xopposaa,  iIm*  . O.fifl 

Q  xoaijxJmnnpHT  auniTM,  % .  — 

11  flaryiik  J1C-59: 

8  xoppoana,  i/m*  . 0.45 

9  xowp^im’.ieHT  sanffTW  % .  — 

12 /(mtiiUBoe  Ton.inao,  coa*p>*iiiiV«  20%  xom- 

noaairra  KaTa.TnTn<<«cxoro  xpexaara 

c  0,03%  uepKauraaoiol  :  ipic: 
i  C.--JU  Ct.  3 

8  mopoaaa,  i/m*  . 3,63 

9  31EOCTM,  % .  — 

11  JltTwai.  AC-59 

8  at  ppoaaa,  i/m*  . 0,68 

o  '.'x^BnaetT  aavarw,  % .  — 


0,005  0,01  0,01  0,05 


0  0  0 

100  100  100 

0  0  0 

190  100  10C 

0  0  0.28 

100  10C  40 


1) 

Indvx 

*0 

KSA  ammonium  sulfonate 

2) 

ilhout  .‘dditlve 

concentrate  from  oil 

3) 

t'S*1  calcium 

sulfonate 

AS-6.5 

cir.v  ''ntrate 
AS -6. 5 

from  oil 

5) 

Addlti\e  concentration 
%  by  mass 

6) 

Straight-run  diesel  fuel 

10) 

Steel  ShKh-15 

containing  0 . 0 1JK  mercap¬ 

11) 

Brass  LS-59 

tan  sulfur 

12) 

Diesel  fuel  containing  20* 

V 

Steel  St.  3 

catalytic  cracking  compo¬ 

8) 

Corrosion,  g/m2 

nent  with  0.03*  mercaptan 

9) 

Coefficient  of  protec¬ 
tion,  * 

sulfur. 

The  effectiveness  of  petroleum  sulfonates  as  corrosion  in¬ 
hibitors  depends  on  the  composition  of  the  sulfo  acids  and  the 
metal  in  the  sulfonate  (Table  5.72).  The  best  sulfonates  are  ob¬ 
tained  by  sulfonating  AS-5  and  AS-6.5  oils;  sulfonates  made  from 
higher-viscosity  oils,  which  are  known  as  highly  efficient  wetting 
additives  to  oils,  are  inferior  to  the  low-molecular  sulfonates  as 
corrosion  Inhibitors.  Sulfonates  made  from  gas  oils  or  kerosenes 
are  insoluble  in  fuels.  The  most  effective  corrosion  inhibitors 
are  calcium  and  ammonium  sulfonates.  Calcium  sulfonate  protects 
both  steel  and  brass  well. 

Table  5.73  indicates  the  action  of  sulfonate  additives  when 
used  in  various  sulfur-containing  diesel  fuels  in  concentrations 
of  0.01-0.05il!  by  mass  of  the  sulfonate. 

Calcium  and  ammonium  sulfonates  are  produced  as  concentrates 
(KSK  and  ASK)  in  oil;  the  sulfonate  content  in  the  concentrate  is 
^25*.  Commercial  NG-203  protective  lubricant  may  be  used  as  a  cor¬ 
rosion  inhibitor  in  sulfur-containing  diesel  fuel;  in  addition  to 
the  sulfonate,  it  contains  ^50*  of  oxidized  petrolatum. 

Effective  corrosion  inhibitors  are  produced  from  nitrated 
oils  [35].  The  additive  contains  12-15*  of  nitroalkylaromatic  com¬ 
pounds  It  offers  good  corrosion  protection  for  steel,  but  is  less 
effective  than  sulfonate  in  the  protection  of  brasses. 

Additives  that  Reduce  Varnish  and  Deposit  Buildup  and  Wear  In  the 
Engine's  Cylinder-Piston  Group 

These  additives  are  designed  for  addition  to  sulfurous  and 
high-sulfur  diesel  fuels.  Their  action  is  based  on  neutralization 
of  the  aggressive  combustion  products  of  sulfur-containing  fuels 
(sulfur  oxides,  chiefly  the  trioxide)  or  on  their  conversion  into 
nonaggressive  products.  Amines,  nitrates  and  carbonates  of  alkali 
metals,  metal  naphthenates,  organic  phosDhites,  and  others  have 
been  proposed  as  such  additives. 

Oil  additives  have  the  major  role  In  reducing  deposits  and 
wear  in  the  cylinder-piston  group  of  the  engine  when  sulfur  fuels 
are  used;  however,  when  the  additive  Is  used  directly  in  the  fuel, 
a  substantial  additional  gain  is  achieved. 

For  stationary  engines,  the  problem  is  solved  by  using  gas¬ 
eous  ammonia  as  a  neutralizing  agent;  it  is  fed  directly  into  the 
engine’s  Induction  system  [86]  (Fig.  5.35). 

Foreign  additives  intended  to  reduce  deposit  buildup  and  wear 
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Pi.?.  3>.35.  Comparative  effective¬ 
ness  of  ammonia  and  oil  additives 
in  reducing  piston-ring  wear  in 
24-8.5/11  engine  in  operation  on 
fuel  containing  1.6%  by  mass  of 
sulfur:  1)  DS  fuel;  2)  NH, ;  addi¬ 
tives:  3)  VNII  NP-360;  4)  MNI  NP- 
22k;  5)  TsIATIM-339.  A)  Impulses/ 
/min;  B)  oil  additive,  %-,  C)  fuel 
additive,  %. 


in  the  engine's  cylinder-piston  group  (Dislip,  Fuelsllp,  Territe 
and  a  number  of  others)  are  recipes  that  incorporate  naphthalene 
homologues,  mel  1-organic  compounds,  and  amines. 

Additives  that  Reduce  Vanadium  Corrosion 


To  suppress  vanadium  corrosion  and  reduce  deposits,  additives 
whose  action  is  based  chiefly  on  tneir  ability  to  form  h  1  £h -ttip  1 1 - 
ing  compounds  with  the  vanadium  oxides  present  in  fuel  combustion 
products,  thus  eliminating  the  corrosive  action  of  vanadium  ox¬ 
ides,  are  added  to  fuels  used  in  gas  turbines  [87].  Various  com¬ 
pounds  that  change  the  nature  of  the  deposits  formed  on  turbine 
parts,  although  they  influence  the  amount  of  these  deposits  to  a 
lesser  degree,  have  been  proposed  for  use  as  such  additives. 


TABLE  5.74 

Composition  of  Certain  Additives  Against 
Vanadium  Corrosion 


npMaaxa 


3  MarutHT 

5  Kumar 
o  jf  oaomT 
7  Qitacfc  aamaiuia 
o  Mapaaaaur 
10  Kaorai 

12  MomnopaafloanT 


Oflima  toptryaa  an  oootaa 


.  MgO,  MgS0„  NgCl, 

4(ao  92%  MgO) 
caco, 

CaMg(COt), :  30,4%  CaO,  21.7%  MgO,  47.9%  CO, 

A  1,0, 

9Pa3U0B*flaocTfc  Ktapoa  (SICO 
Al,0, •  2SiO. •  2H,0  wall 
AL(Si,0|,)(0H)i:39,5%  Al.O,,  46,5%  810* 

14%  H,0 

"{Mf,(SiJ0MJ|0Hlt  •  llH,0)p{(Al,  r^^O^OH)^ 
*»  :  p«  0,8— 0,9 


1) 

Additive 

7) 

Aluminum  oxide 

2) 

Empirical  formula  or  composition 

8) 

Marlsallite 

3) 

Magnesite 

9) 

A  variety  of  quartz 

4) 

Up  to 

10) 

Kaolin 

5) 

Calcite 

11) 

Or 

6) 

Dolomite 

12) 

Montmorillonite. 
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TABLE  5.75 


Effectiveness  of  Magnesium  Sulfate  in  Reduc¬ 
ing  Vanadium  Corrosion  [89] 


1 

Ctu» 

2 

Jtnenmt  >eea  naaonra  •  npacyiof 

• 

3  MUUXM 

MyyQ|H 

mini  ■  tunuu 

4  «:»> 

% 

•/*» 

% 

*/»• 

n 

•/*» 

5  9H481 

0,170 

20,7 

0,039 

4,8 

am 

12 

311607 

0,096 

11,8 

0.040 

4.9 

0,052 

\o 

311417 

0,160 

18.6 

0,120 

140 

0067 

7  JS 

311612 

0,066 

8,6 

0,042 

5,6 

0,033 

18 

311726 

0,058 

7.2 

0,028 

3,4 

0,040 

4.9 

1)  Steel 

2)  We:. Jit  change  of 
plate  in  presence 
of 


3)  Vanadium 

4)  Vanadium  and  mag 
nesium 

5)  El 481. 


Since  the  amount  of  sulfur  in  mazouts  is  always  considerably 
greater  than  that  of  vanadium,  those  metals  whose  sulfates  are 
thermally  less  suable  than  vanadates  can  be  used  as  effective  ad¬ 
ditives,  since  otherwise  the  metal  will  be  bound  in  the  form  of 
the  sulfate  and  will  not  be  able  to  act  on  the  vanadium.  Thus, 
calcium*  magnesium  and  zinc  are  more  effective  than  barium,  since 
their  sulfates  are  less  stable.  Silicon  compounds  and  aluminum 
silicates  are  highly  effective  as  vanadium-corrosion  inhibitors. 

Methods  of  introducing  the  additives  vary;  they  may  be  in¬ 
jected  in  the  form  of  a  suspension,  paste  or  aqueous  solution  or 
dissolved  in  the  fuel  or  injected  into  the  flame  in  the  form  of 
finely  divided  particles. 

Various  natural  compounds  of  silicon,  magnesium,  and  alumi¬ 
num,  as  well  as  magnesium  oxide  and  sulfate,  have  been  tested  suc¬ 
cessfully  as  additives  to  domestic  fuels  [80,  89].  Table  5.74  pre¬ 
sents  some  of  the  compounds  and  Table  5*75  test  results  for  mag¬ 
nesium  sulfate. 

Considerable  interest  attaches  to  residual-fuel-soluble  mag¬ 
nesium  compounds  that  have  teen  proposed  for  use  against  vanadium 
corrosion,  e.g.,  magnesium  naphthenate,  magnesium  salts  of  syn¬ 
thetic  fatty  acids  with  Ci?~C*o,  and  oxidized  petrolatum  [90 j. 

When  these  products  are  added  to  a  sulfur-containing  raazout  with 
3.7*10’*l  vanadium,  vanadium  corrosion  is  reduced  (Pigs.  5.36  and 
5.37). 

VNII  NP-102  additive  and  its  modification,  VNII  NP-103,  have 
been  proposed  for  U3e  against  coating  of  boiler  heating  surfaces 
and  control  of  sedimentation  in  storage  tanks. 

Rear  heating  surfaces  of  boiler  installations  can  be  pro¬ 
jected  from  corrosion  in  operation  on  high-sulfur  fuels  with  the 


-  375  - 


aid  of  additives  «hat  reduce  the  content  of  SO3  in  the  combustion 
products  and  lower  the  dev;  point.  Dolomite  and  silica  in  amounts 
of  0.1-0. 2%  by  mass  on  the  fuel  reduce  corrosion  markedly,  since 
deposits  form  on  the  heating  surfaces  in  considerably  smaller 
amounts  and  their  structure  is  modified.  These  additives  have  an 


insignificant  effect  as  regards  lowering  dew  point.  Better  results 
are  obtained  with  the  use  of  additives  that  react  chemically  with 
SO3  -  zinc,  magnesium,  and  ammonium  compounds.  These  additives  de¬ 
press  the  dew  point  of  the  smoke  gases  and  inhibit  corrosion  con¬ 
siderably. 


BOO  700  800  600  700  BOO 

C  Te m ne pa m ypa,  °C 

Fig.  5.36.  Decrease  in  vanadium  corrosion  of  high -temperature 
steels  on  introduction  of  0.2 %  magnesium  salts  of  oxidized  petro¬ 
latum  into  Fs-5  mazout  (vanadium  content  4-10“3$).  1)  Fs-5  mazout 
with  additive;  2)  Fs-5  mazout  without  additive;  3)  F-12  mazout 
(no  vanadium  content).  A)  Weight  loss,  mg/cm2;  B)  EI-^81;  C)  tem¬ 
perature,  °C. 


lU- 

I  0«= 

A  600 


xp.-mjK.  U) 


TOO  800 


a 


D  Tennepamypa,  °C 


Fig.  5.37.  Decrease  in  vanadium  corrosion  of  high-temperature 
nickel  steels  on  introduction  of  0.2 %  magnesium  salts  of  oxidized 
petrolatum  into  Fs-5  mazout  (key  same  as  in  Fig.  5.36).  A)  Weight 
loss,  mg/cm2;  B)  chromium-nickel  (I);  C)  EI-602;  D)  temperature. 
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Pig.  5.38.  Variation  of  dew  point  as  a 
function  of  ammonium  concentration.  A) 
Dew  point,  °C;  B)  ammonia  concentration 
in  fuel,  %  by  mass. 


Pig.  5.39.  Change  in  corrosion  with  and 
without  ammonia  injection:  1)  with  ammonia 
injection;  2)  without  ammonia;  3)  dew  point 
139°C  (without  ammonia).  A)  Corrosion, 
g/cm2;  B)  probe  temperature,  °C. 


When  ammonia  is  injected  into  the  firebox  at  300°C  in  a  con¬ 
centration  of  0.02135  by  mass,  the  dew  point  of  pure  water  vapor  is 
reached.  Figures  5.38  and  5.39  show  curves  of  the  dew  point  as  a 
function  of  ammonia  concentration  and  the  curve  of  corrosion  rate 
with  and  without  ammonia  injection  as  a  function  of  temperature 
[913. 


To  prevent  sui furic-acid  corrosion  at  wall  temperatures  below 
the  dew  point,  a  British  firm  has  patented  (British  Patent  73»1*90) 
the  additive  "Teramine,"  which  is  a  mixture  of  tertiary  heterocy¬ 
clic  amines  obtained  from  coal  tar.  In  tne  atomized  state,  0.03- 
0.0355  by  mass  of  Teramine  is  injected  into  the  fuel  in  the  boiler 
gas  duct  at  a  point  where  the  gas  temperature  is  ,v250oC.  In  addi¬ 
tion  to  reducing  rear-surface  corrosion,  Teramine  raises  boiler 
efficiency  by  1.535  by  lowering  exhaust-gas  temperature. 

5.  ADDITIVES  THAT  FACILITATE  USE  OF  FUELS  AT  LOW  TEMPERATURES 

Additives  of  this  group  include  substances  that  make  it  pos¬ 
sible  to  eliminate  operating  difficulties  when  fuels  are  used  dur¬ 
ing  the  cold  season  or  at  high  altitude. 

Anti  Icing  additives  are  added  to  automotive  gasolines  to  pre¬ 
vent  carburetor  icing.  The  additives  also  prevent  water  from 
freezing  in  fuel  pumps  and  tanks.  Anti icing  additives  in  use  in¬ 
clude  isopropyl  alcohol,  ethylene  glycol  monobutyl  ester  (concen- 
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tratlon  0.05-0.5$  by  mass),  dimethylcarbinol,  glycerine  monooleate, 
certain  amines  and  ammonium  phosphates  [3]. 

Additives  that  Lower  Fuel  Crystallization  Temperatures  (Depressors) 

Depressor  additives  are  designed  for  addition  to  paraffin- 
base  diesel  fuels,  which  have  high  crystallization  temperatures. 
They  have  almost  no  effect  on  the  cloud  points  of  the  fuels,  but 
they  do  lower  its  pour  point  substantially,  i.e.,  they  do  not  in¬ 
hibit  the  onset  of  solid-hydrocarbon  crystallization,  but  they  do 
retard  crystal  growth.  As  they  are  adsorbed  onto  minute  paraffin 
crystals,  they  prevent  their  growth  and  formation  of  a  crystal 
lattice;  this  inhibits  adsorption  of  liquid  hydrocarbons  by  the 
paraffin  with  formation  of  a  gel. 

TABLE  5.76 


Physicochemical  Properties  of  Commercial 
Depressors  (from  AUSS  8443—57  and  VTU  NP 
14-58) 
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Ash,  $,  not  above 

1  g 

9) 

Water-soluble  acids  and 
alkalies 

17) 

Saponification  coefficient 
not  below 

1C) 

None 

CO 

.-H 

Ratio  of  saponification  co 
efficient  to  acid  number, 

not  below. 

« 
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TABLE  5.77 

Influence  of  AzNII  Depressor  on  Low-Tempera¬ 
ture  Properties  of  Diesel  Fuels  [75j 


1 

Mme 


IM.  % 


6  Inuuot 

7  UtIM 

aerat 

arrHM 


lOTtsoftab  eypaxucxxft 

llMXt&lIilft  . 

tflace-iut 

12  aaraal . 

lenad . 

13  jmck  60S  "cypaaiHC koto  caupoaaro 

AacTsaaara  a  40%  cypaxaacxoro 

Kepocaxa . 

l4To  an  . . . 

l^Cmcb  60%  eypaxutcKoro  coaapoaoro 
AacruaaTt  a  40%  floccopcaoro 
xepocaaa  .  .  .  . 

14  To  an  . 


~--sa 


Fuel 

Additive  concentration,  % 
by  mass 

Temperatures,  °C 

Cloud  point 

Pour  point 

Diesel 

Summer 

Winter 

Below 


Surakhany  gas  oil 

Heavy 

Light 

Mixture  of  60%  Surakhany 
solar  distillate  and  *»0$ 
Surakhany  kerosene 
Same 

Mixture  of  60$  Surakhany 
solar  distillate  and  1»0$ 
Dossor  kerosene. 


The  same  additives  as  are  used  in  lubricating  oils  may  be 
used  as  depressors  In  fue_s,  namely:  condensation  products  of  non¬ 
polar  organic  compounds,  e.g.,  of  naphthalene  with  chlorinated 
paraffin  (AzNII  depressor);  products  of  voltolization  -  voltols, 
soaps  of  multivalent  cations,  oxidation  products  of  macromolecular 
hydrocarbons,  products  of  condensation  of  nonpolar  compounds  with 
polar  compounds,  etc. 

Depressor  concentrations  in  the  fuel  range  f  om  0.01-0.5-1*0$ 
by  mass,  depending  on  the  type  of  additive  and  fue„.  Tables  5.76 
and  5.77  list  the  physicochemical  properties  of  industrial  depres¬ 
sors  and  their  influence  on  the  pour  points  of  diesel  fuels. 

AzNII  commercial  depressor  is  produced  by  condensing  naphtha¬ 
lene  with  two  molecules  of  a  chlorinated  paraffin  in  the  presence 
of  aluminum  chloride.  0PD  depressor  is  obtained  by  oxidizing  petro¬ 
latum. 
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Additives  that  Prevent  Formation  of  Ice  Crystals  in  Fuels 

These  additives  are  used  in  aviation  fuels  (gasolines,  kero¬ 
senes).  Their  action  is  based  on  the  formation  of  low-freezing 
mixtures  with  water,  which  prevents  separation  of  water  from  the 
fuel  in  the  form  of  ice  crystals.  The  additive  concentrations  in 
the  fuel  range  from  0.1  to  1.0/&  by  mass. 

Isopropyl,  methyl,  and  ethyl  alcohols,  tetra-,  penta-  and 
hexaethylene  glycols,  methyl  and  ethyl  esters  of  ethylene  glycol, 
and  other  compounds  have  been  used  for  these  purposes  [1,  75,  99]. 

One  of  the  most  effective  additives  is  ethyl  cellosolve  -  the 
monoethyl  ester  of  ethylene  glycol  (AUSS  8313-60),  the  physico¬ 
chemical  properties  of  which  we  list  below: 


External  appearance .  Colorless 

transparent 

liquid 

Density  p5° .  0.930-0.935 

Fractional  composition: 

distills  below  128°C,  %  by  mass,  not 

more  than .  2 

distills  in  I28-138°C  temperature  range, 

%  by  mass,  no  less  than .  9 A 

residue,  %  by  mass,  no  more  than .  3 

losses,  %  by  mass,  no  more  than .  1 

Refractive  index  for  product,  n*° .  1.4070-1.4090 

Saponification  number,  mg  of  KOH  to  1  g, 

not  above .  2.5 

Acidity  (converted  to  acetic  acid),  %  by  mass, 

not  above . .  0.01 

Ethyl  cellosolve  content  in  product,  %  by 

mass,  not  below . 95.0 

Dry  residue,  %  by  mass,  not  above. .  0.005 

Water,  %  b'  mats,  not  above . .  0.5 


Addition  of  ethyl  cellosolve  to  jet  fuels  in  concentrations 
of  0 . 1—0 . 3%  completely  eliminates  formation  of  ice  crystals  at  all 
temperatures  encountered  in  winter  ODeratlon  (Tables  5.78  and 
5.79). 

Since  ethyl  cellosolve  dissolves  better  in  water  than  In 
fuels,  it  may  be  "washed  out"  of  the  fuel  when  the  latter  comes 
into  contact  with  water  (for  example,  during  shipment  of  the 
fuel).  For  this  reason,  it  is  not  added  to  the  fuel  at  the  refin¬ 
eries,  but  directly  at  the  points  of  application.  Ethyl  cello¬ 
solve  does  not  cause  moisture  to  accumulate  in  the  fuel  during 
storage  (Table  5.90).  Ethyl  cellosolve  has  been  used  in  the  USSR 
since  1955-1956  in  aviation  fuels  (jet  fuels  and  aviation  gaso¬ 
lines)  [93]. 

The  additive  PF  A-55  Mu  [92  j  (  'able  5.81)  has  been  in  use  in 
the  USA  since  1957-1560  as  a  preventative  of  Ice-crystal  forma¬ 
tion.  This  additive  ir>  a  mixture  of  about  99. 6%  methyl  ceiiosolvc 
and  0 . 4*  glycerine  [94].  It  Is  used  In  military  aviation  for  IP-4 
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TABLE  5.78 


Rate  of  Solution  of  Ice  Crystals  in  Fuel 
when  Ethyl  Cellosolve  is  Added  [93] 


1  j1 

fL 

s  ii 

>ii 

isi 

T  9TH.1  WJIOIOIH  OMOiaM  * 

■'  Toai iie,  e«A«p»uutM0  oner 

“k  Coer  iioamom  ■  to sane, 
eojrpwiwM  orn.iqMJoioiki 

^  BpcMfi  pucTPopemii  xpacTuuoi  (•  **h)  npn  rampoTn* 

—5°  C 

— 20®C 

-»o»c 

—5*  C 

-20*  C 

-00*  c 

0.1 

0,05 

— 

5 

11 

23 

0,1 

— 

— 

— 

25 

41 

65 

0,3 

0,05 

3 

8 

21 

2 

6 

15 

0,1 

10 

25 

48 

8 

21 

41 

1)  Ethyl  cellosolve  content,  % 

2)  Amount  of  snow  introduced  into  fuel,  X 

3)  Ethyl  cellosolve  introduced  into  fuel  con¬ 
taining  snow 

*0  Time  to  dissolve  ice  crystals  (in  min)  at 
temperature  of 

5)  Snow  introduced  into  fuel  containing  ethyl 
cellosolve . 


TABLE  5.79 

Effectiveness  of  Ethyl  Cellosolve  Against  Formation  of  Ice  Crys¬ 
tals  in  Fuels  [93] 


p 

1  *4:  J  TmiNiNTTPa  (■  *C)  rfpMWNima  KpaeiMWM  awn m* 

s  _ : _ _ 

|  I?  I  0.001  0,002  0,003  0,004  0,000  0.007  0,000  0.01  MU  0.011 


1) 

Fuel 

*0 

No  crystals 

to  -60 

2) 

Ethyl  cellosolve  content, 

5) 

Crystals  at 

-60 

% 

6) 

Same. 

3) 

Temperature  of  formation 
of  ice  crystals  (°C)  at 
fuel  water  content  of  ...  % 

fuel  [95],  and  is  also  added  to  kerosene-type  fuels;  it  also  finds 
use  in  civil  aviation. 

TABLE  5.80 


Change  in  Water  Content  in  Fuels  with  0.3$ 
Ethyl  Cellosolve  during  Long-Term  Storage 
L93] 


I 

Toonnsa 

2  X* 

it! 

ip 

3Ea 

3 

Coaepwaimc  ioau  ■  toonase  (»  %)  wpw 

k 

|ff 

§2 

si 

5 

fi t 

e 

■ 

5 

§ 

8 

a 

4t 

9 

tr 

i 

)A 

5 

5 

1 

8 

a 

o 

i 

i 

a 

.  T-l 

0,0033 

0,0035 

0,0048 

0,0083 

0,0076 

0,0088 

0,0044 

0.0036 

6  To  H.0 

03 

0,0053* 

0,0031 

0,0051 

0,0083 

0,0065 

0,0092 

0,0060 

0,0039 

1  TCfl 

_ 

0,0041 

0,0043 

0,0058 

0,0095 

0,0096 

0,0113 

0.0075 

0,0049 

6  To  *e 

03 

0,0066* 

0,0047 

0,0061 

0.0093 

0,0099 

0,0111 

0,00?3 

03046 

pE-95/130 

0,0081 

0,0076 

0,0095 

0,0131 

0,0138 

0,0163 

03101 

0,0075 

6  To 

03 

0,0096* 

0,0081 

0,0093 

0,0140 

9,0136 

0,0156 

03105 

0,0061 

•The  higher  wat-r  content  j.n  the  original 
fuels  with  0.3$  ethyl  cellosolve  is  explained 
by  the  fact  that  0.6-0. 7$  water  was  present 
in  the  ethyl  celiosolve  itself.  Subsequently, 
the  water  introduced  into  the  fuel  with  the 
ethyl  cellosolve  transfers  tc  the  air;  pas¬ 
sage  of  moisture  from  the  fuel  to  the  air 
and  back  (depending  on  atmospheric  condi¬ 
tions)  also  explains  the  fluctuations  in  fuel 
moisture  content  during  storage. 

1)  Fuel 

2)  Ethyl  cel.'osolve  content  in  fuel,  % 

3)  Water  consent  in  fuel  (in  $)  after 

4)  Initial  (January) 

5)  Month(s)  7)  TS-1 

6)  Same  8)  B-95/130, 
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TABLE  5.81 

Influence  of  PP  A-55  i-iB  Adaltive  on  Ice 


Crystal  Formation  in 

Jet  Fuels 

[92] 

'tomwo 

2  TeunepaTyp*,  npn  xoTopoi  mG ■Herat 
4>bomp,  *C 

3 

o«  npiauuui 

4  0,05% 

npnevma 

4  t,t% 

npadtnn 

IP-4  c  0,01%  BOA  < . 

%7  —11  So  —9 

_1LI 

-00 

IP-4  c  0,08%  >  .  . 

or  —2  ao  —1 

— 

-00 

IP-5  c  0,08%  >  . 

i 

- 

-25 

-51 

1)  Fuel 

2)  Temperature  at  which  filter  is  clogged,  °C 

3)  Without  additive 

4)  . . .%  additive  6)  Prom 

5)  IP-4  with  0.0 1^  water  7)  To. 


6.  OTHER  FUEL  ADDITIVES 

In  addition  to  the  additives  mentioned  above,  dyes,  color 
stabilizers,  additives  that  prevent  accumulation  of  static  elec¬ 
tricity,  and  certain  others  are  added  to  fuels. 

Dyes 


Dyes  are  added  to  gasolines  for  identification  purposes.  The 
color  of  a  gasoline  indicates  that  it  contains  a  certain  additive 
that  improves  its  basic  operational  properties  (antiknock,  anti¬ 
oxidant,  etc.).  The  dyes  themselves  have  negligible  contents  in 
the  gasoline  and  no  influence  on  their  properties. 

TABLE  5.82 


Physicochemical  Properties  of  Certain  Commer¬ 
cial  Dyes  for  Gasolines 


1 

KptMttM 

1  2 

j  Tcicnevierrp* 
UUMMI,  *C, 

«  mmm 

4 

5  CyAM  . 

6  Mwrrul  JK . 

157 

7  Kptenut  IK . 

m 

T 

2 

8  icpteaut  C . 

174 

i 

S 

9  Opammawi . 

1*7 

1 

1 

1)  Dye 

2)  Meltjntf  point,  °C,  not  below 

3)  Ash  content,  %t  not  above 

4)  Moisture  content,  % ,  not  above 

5)  Sudan 

6)  Yellow  Zh  8)  Red  S 

7)  Red  Zh  ))  Orange. 
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Gasolines  containing  TEL  are  colored  red  and  pink  (A-66)  or 
blue  and  green  (A  —76 ) ;  aviation  gasolines  a^e  yellow  (B  95/130)  cr 
brigijt  orange  (13  100/:  30),  The  Sudan?  -  aco  dyes  that  are  soluble 


5  n 


•  ydruoarbon?  and  insoluble  in  water  -  are  the  crinciral  *a«o- 


dye.n  •('Table 


Additives  Against  Accumulation  of  Static  Electricity 


Additives  to  counter  the  accumulation  of  static  electricity 
("antistatics")  are  added  to  distillate  fuels  (gasolines,  kero¬ 
senes,  diesel  fuels)  to  raise  their  conductivities  to  a  safe  level. 

TABLE  5.83 


Concentrations  of  Certain  Additives  Necessary 
to  Attain  1000-picoohm/m  Conductivity  in  Hy¬ 
drocarbons  [96] 


1 

Totuajo 

2 

OpUCSAKt 

Kovneoiptovi 
oa  1000 

4  Casao.7 

5 

TcTpanoO&MQ.innKnuuoBOKBCAKfi  &vmohs£ 

S3 

£  JiHrj  hh 

I  O.itaT  vtaprauua  7 

293 

O  EensHH 

PacTBop  KajimiieBOH  co .18  AD-'2-?TiiJ-reKCBfl) 
9'’yAL({)ocyKHiiiin.ionou  iintnom  (Ca-a»f  30M>) 

2000 

I4.  EetuoJi 

I  .HHii.'ionponajiraniuu.naT  KaAbium  10 

2«00 

0  E6U3HH 

racTDop  xpoMooou  co.ni  cueca  kobo-  ■  aaan- 
KHJica.inmiaoBux  kiicjiot  (Cr-AC)  ]  1 

M 

• 

AiiTucianmecKan  $upMU  « meant  ^2 

2 

1)  Fuel 

2)  Additive 

3)  Concentration,  kg  to  1000  m3 

4)  Benzene 

5)  Ammonium  tetraisoarryl  picrate 

6)  Ligroin 

7)  Manganese  oleate 

8)  Gasoline 

9)  Solution  of  calcium  salt  of  di-(2-ethyl- 
hexyl) sulfosuccinic  acid  (Ca  aerosol) 

10)  Calcium  diisopropy lsalicy late 

11)  Solution  of  chromium  salt  of  mixture  cf 
mono-  and  dialkylsalicy lie  acids  (Cr-AC) 

12)  Shell  antistatic. 


Petroleum  products  with  conductivities  above  1000  plcoohms/m  3  are 
safe  as  regards  accumulation  of  static-electricity  charges  that 
might  result  In  explosions  during  pump  transfers.  A  conductivity 
as  low  as  500  picoohms/m  is  not  dangerous  [96]. 

Table  5.83  gives  the  concentrations  of  certain  additives  nec¬ 
essary  to  ensure  the  required  conductivity  In  fuels.  The  Ca-aero- 
sol  additive  contains  2%  by  mass  of  calcium,  55t  of  a  neutral  sol¬ 
vent;  its  average  molecular  weight  is  'vpooo. 

Cr-AC  additive  contains  chromium  salts  of  mono-  and  dialkyl- 
sallcylle  acids  whose  alkyl  chains  consist,  of  14  to  18  carbons; 


the  additive  contains  2.1$  by  mass  of  chromium  and  30$  of  a  neu¬ 
tral  solvent;  its  average  molecular  weight  is  ^2500. 

The  American  firm  Shell  recommends  a  mixture  of  equal  quanti¬ 
ties  of  the  Ca-aerosol~OT  and  Cr-AC  additives  for  the  trade,  since 
the  synergistic  action  of  the  additive  mixture  is  more  effective 
than  either  taken  separately.  Addition  of  this  additive  in  an 
amount  of  2  kg  to  1000  m3  is  recommended  for  all  fuels. 

The  use  of  additives  that  increase  fuel  conductivity  does  not 
eliminate  the  need  for  grounding  tanks,  since  the  additives  pre¬ 
vent  only  those  cases  of  static-electricity  explosions  in  which 
the  cause  is  low  fuel  conductivity. 

Additives  that  Improve  Antiwear  Properties  of  Fuels 

The  antiwear  properties  of  fuels,  on  which  the  service  life 
and  operating  reliability  of  fuel  pumps  and  aviation  gas-turbine 
engines  depend,  can  be  improved  with  additives.  When  certain  addl- 

TABLE  5.34 

Antiwear  Properties  of  T-2  Fuel*  Containing 
0.01$  by  mass  of  Narrow  Fatty-Acid  Fractions 
(t  -  20°C)  (after  A.V.  Vilenkin,  G.I.  Kich- 
kin,  K.I.  Klimov  and  I.V.  Rozhkov) 


1 

Opaxaaa 

2 

Kncnonto* 

<ucno 

$p«xmi*, 

Mt  KOH 

HI  1  ( 

7 

Harpy* ki 

'V0 

creHay 

KB-J. 

nT 

1 

®0»XIO* 

2 

KncaoTHoe 
<uteao 
frMxmift. 
m$  KOH 

HI  1  ( 

HitjjVjki 

P«P. no 
creasy 
KB-I, 

nT 

C|1 

327 

17,6 

209 

29,5 

'-n  —  c„ 

280 

18,7 

197 

34.0 

^i«  — cIt 

240 

212 

187 

36,5 

Cu 

232 

21.2 

c* 

178 

>40 

c„ 

217 

25,6 

1 

1 

•Antiwear  properties  without  additive  pkr  * 

«=  10.8  kg. 

1)  Fraction 

2)  Acid  number  of  fraction,  mg  of  KOH  to  1  g 

3)  Load  F^r  on  KV-i  stand,  kg. 


tives  (fatty  acids,  phenols,  etc.)  are  added  to  T-2  low-viscosity 
fuel  in  amounts  of  0.01-0.05$  by  mass,  its  antiwear  properties  are 
brought  up  to  the  level  of  T-l  and  TS-i  fuels  (Tables  5.84-5.06). 

Additives  also  improve  the  antiwear  properties  of  fuels  at 
elevated  temperatures  (Table  5.8?).  Added  in  small  concentrations 
( C . 0 1$  by  mass),  special  antiwear  additives  developed  for  oils 
raise  the  antiwear  properties  of  fuels  to  about  the  same  level  as 
the  antioxidants  introduced  into  the  fuel. 
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TABLE  5.85 

Antiwear  Properties  of  T-2  Fuel*  Containing 
0.01$  by  mass  of  Aromatic  Amines  and  Amino- 
phenols  ( t  -  20°C)  (after  A.V.  Vilenkin, 
G.I.  Kichkin,  K.I.  Klimov  and  I.V.  Rozhkov; 


1 

O 

C. 

Xhmhmcchoc  crpocme 

Harpy*  tea 

B0 

ctbiat  KB-1, 

L3_."r 

4  AmfcHfljiaMHB 

\ _ / 

184 

5  Beii3Bfl-n-aMHHO(tieHoa 

<f  ^-CH,-NH-<f~^-OH 

174 

6  JlnaMHiioaH$eHHJianHH 

H,N-<^  y-NH-^  ^-NH, 

113  ■ 

OH 

7  o-Airano$euoa 

Jy"H- 

OH 

1 

//\ 

u 

# 

153 

8  n-AMHao4*Hoa 

193 

j 

NH, 

NH, 

9  1 ,5-AiiBiiona  jrroa 

(Y) 

174 

OH 

*Antiwear  properties  without  additive  P^j,  = 
*  11.8  kg. 


1) 

Additive 

6) 

Diaminoaiphenylamln 

2) 

Chemical  structure 

7) 

o-Aminophenol 

3) 

Load  Pj(r  on  KV-1  stand,  kg 

Dipheny lamlne 

Benzv 1-p-aminophenol 

8) 

p-Aminophenol 

4) 

5) 

9) 

1 , 5-Amlnonapnthol . 
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TABLE  5.86 

Antiwear  Properties  of  T-2  Fuel*  with  Phenol- 
Type  Additives  ( t  =  20°C)  (after  A.V.  Vilen¬ 
kin,  G.I.  Kichkin,  K.I.  Klimov  and  I.V.  Rozh¬ 
kov) 


Opattaai 

RarpytM  P„Pi  (»*T)  no  cntmj  KB-I 
npa  cottpwuu  opnc^ma,  me.  % 

2 

0,05 

0.1 

3  2,6-fln-/np«/n-6yTDa-4-MeTnjij)eHoa  .... 

183 

4  a-BB&TOJ  . 

5  /J-HBipTOB  . 

18,6 

— • 

173 

— 

6  H-ByTiB^eBoi . 

— 

133 

7  TexaniecJtae  fyeaoxu  <t>4-16 . 

8  JIpeBeCBO-CMO.TbHWl  asTHoxHCAarea 

203 

163 

9 copra  A  . 

— 

l  ocopra  B  . 

— - 

143 

1  l  IlnpoBBsaT  speaecaofi  cmosm . 

163 

— 

l  2  C.ianneBue  4»hobm  ($P*kuhh  200—300*  C) 

i 

134 

•Antiwear  properties  without  additive  P^r  ■ 

=  12.8  k*5- 

1)  Additive 

2)  Load  Pkr  (kg)  on  KV-1  bench  with  additive 

content  of  . . .%  by  mass 

3)  2,6-Di-fcert-butyl~iJ-methylphenol 

4)  a-naphthol 

5)  B-naphthol 

6)  n-Butylphenol 

7)  FCh-l6  technical  phenols 

8)  Wood-tar  antioxidant 

9)  Grade  A 

10)  Grade  B 

11)  Wood-tar  pyrolyzate 

12)  Shale  phenols  (200-300°C  fraction). 


TABLE  5.87 


Influence  of  Additives  on  Antiwear  Properties 
of  TS-1  Fuel  at  110°C  [973 _ _ 


b 

npacum 


CrjrrKTTpsM 


!it 


Tonaaao 
6r  *  upaetjntz 
A.  Ait*. 

i0inC4IT«IB 


2.<-A"u«tu-V 

mptm-CfTBM- 

4*101 


3  2,6*Ai 

r'yTri.v4-M«rBa- 

4*#oa 


CH,  . 

ch,-c — rV-cn. 


OH 


d: 


:(r 


CH. 


CH,  CH, 


C!l 


<!h.  CH, 


CH, 


:h. 
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10,7 


0,01 


iej 


0.01 


16.4 


a)  No, 

b)  Additive 

c)  Structural  formula 

d)  Concentration,  %  by  mass 

e)  Pkr*  kg 

1)  Fuel  without  additive 

A)  Antioxidants 

2)  2 , 4~Dimethyl-6-rert- 
butylphenol 

3)  2,6-DJL-fcert-buty 1-4- 
methylphenol 

N,N ' -Di-see-butyl-p- 
phenylenedi amine 


B)  Metal  deactivator 

5)  1,2-Disalicylidenepropyl 
enediamine 

C)  Antiwear  additives  for 
oils 

6)  V-15/2A;  sulfur-organic 
compound 

7)  L3-309 

8)  L3-23K. 
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lTopanol  0,  DuPont  i.'o.  29. 

*Gradeo  with  limited  use. 

*1  picoohm/m  *  1C-12  ohms/linear  meter. 
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Kp  =  kr  =  kriticheskly  =  critical 


Chapter  6 

MOTOR  OILS 


Oil  performs  the  following  functions  in  internal-combustion 
engines: 

it  reduces  wear  of  parts  and  prevents  them  from  seizing; 

it  protects  parts  from  the  corrosive  action  of  external 
agents  and  fuel-combustion  products; 

it  reduces  frictional  losses; 

it  carries  away  the  heat  generated  as  a  result  of  friction; 

it  continuously  clears  rubbing  elements  of  wear  products  and 
other  abrasive  dirt  (washes  them  out); 

it  prevents  blowby  of  mixture  (or  air)  and  combustion  prod¬ 
ucts  from  the  cylinder  into  the  crankcase  as  they  are  compressed. 


TABLE  6.1 

Lubricating  Systems  of  Automotive  Engines 
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Index 
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Combined 
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GAZ-51A,  GAZ-63 

9) 

System  capacity,  liters 

3) 

ZIL-164 

10) 

Oil  pressure,  kg/cm1 

4) 

MAZ-200 

11) 

Oil  filtering 
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"Moskvlch"  407  and  410 
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Dual:  coarse  and  fine  fil 
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"Volga"  K-2 l 
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7) 

Lubricating  system 
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lubrication 

system  in  which  'be  bear- 

ings 

and  certain  other  rubbing  elements 

are  lubricated  by  eircu- 
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lating  oil  under  pressure  and  the  cylinder  and  piston  by  splash. 
Exceptions  are  the  very  smallest  engines,  where  all  elements  are 
splash-lubricated,  and  low-speed,  high-power  stationary  and  marine 
diesels,  where  the  bearings  are  lubricated  by  circulation  under 
pressure  and  the  cylinders  by  lubricators.  The  lubrication  systems 
of  certain  engines  are  delineated  in  Tables  6. 1-6. 


If  the  oil  is  to  pe/rform  the  functions  listed  above,  it  must 
exhibit  the  following  basic  properties: 


have  a  certain  minimum  viscosity  at  high  temperatures  and 
sufficient  mobility  at  starting  temperatures,  so  that  it  will  per¬ 
form  properly  throughout  the  entire  working-temperature  range; 

it  must  be  chemically  stable  at  high  temperatures  under  con¬ 
ditions  of  continuous  contact  with  air  and  fuel  combustion  prod¬ 
ucts,  and  its  properties  must  not  change  during  operation; 


it  must  iiot  corrode  the  material  of  the  engine  parts  and  must 
protect  these  parts  from  external  corrosive  agents. 

TABLE  6.P 

Lubricating  Systems  of  Tractor  Engines  [1] 
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15) 

Oil  pressure,  Kg/cm2 

23) 

Cotton  filament 
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Filtering  element 
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22) 

ASF0-1  or  centrifuge 

TABLE  6.j 

Oil-System  Capacities  of  Certain  Engines 
with  Compression  Ignition 


1 

Map** 

oaanienx 


5  R  »  y  ITI  KTHSJO 
6  1-2 A  18/20 

1- 2A  16/27 
1-2A  18,  5/20 

2- 6A  19/32 

2fl  20/30 
4A  24/38 
4-8fl  30/50 

„  7  8AP  43/61 
8  2-4ACn  19/30 


f  4  , 

i  I,  Ufa 


15-30 

25—50 

20-50 

70- 

210 

50 

240 

400- 

800 

2000 

80- 

180 


650  20-40  * 
430  20-40 
750  20-40 
430  40-100 

430  50 

375  100 

300  400-800 

250  800 

500  40-60 


1 

1UPM 

mmn 


9  Til p ex- 

IQ  »»*nm 

!-64  10,  5/13 
14  «2/*6 
2-44  8,  5/11 
2-4*1  13/18 
4-8*1  16.  a/21 

6*1  12/14 
6-12*1  15/13 

6-8*1  23/30 

64  d6,  5/45 
124  18/20 


/If  3  *Lj 

!:  1 11 11! 


10-60  ilM 
13  1200 

10—20*  1500 
40-80  1500 
130-  1300 
250 

80  1500 

150-  1500 
300 

450-  1000 
600 

600  375 

700  1500 


5- 25 
5 

6- 10 
18-36 
80— 

160 

25 

50-S3 


•The  extreme  engine-power  values  and  the  oil- 
system  capacities  for  the  minimum  and  maximum 
number  of  cylinders  of  the  given  type  of  en¬ 
gine  are  indicated, 

1)  Engine  type 

2)  Power,  hp 

3)  Rated  speed,  rev/min 

*4)  Oil  system  capacity,  liters 

5)  Two-cycle  8)  2-4DSP  19/30 

6)  1-2D  16/20  9)  Four-cycle 

7)  8DR  43/61  10)  l-6Ch  10,  5/13. 
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TABLE  6.H 

Typical  lubrication  System  of  Piston  Avia¬ 
tion  Engine  [2] 


X*p«inep«CTftM 


nONMNU 


3  Chctbmb  cm  a  am  . 

5  3anpaBO^uafl  eMKoerb  nawinnoro  6aKa,  *  .  . 

5  flpBMeHHeiioe  Macao  . 

3  yflcabnua  pacxoA  nacaa  na  axcoayaraoHOHnoM 

pewHMe,  $/(*.  e.  h.) . 

9  AaweHne  Macaa  b  CHCTewe,  k/’/cjb*  .... 
10  TexnepaTypa  mbcjib: 

11  Ha  Bxoae  b  asHraTeat . 

12  na  Buxoaa  Ha  flBHrarejw  . 

13  MacaBHue  nacocu . 

15  OnabTpH . . 

17  Ilepenafl  flaBJiennH  na  (JmabTpe,  nr/cM*  .  .  . 


UnpHyafloHORHan  kom6«*i- 
posaHuan  c  cyxu  xaprapoM 
60 

7  MC-22  u m  MC-20 
12 

0.8— -16 


50-85 

115-125 

[DocTepenaaTue 
naaCTaireaTua 
0.2-3, 0 


1)  Characteristic 

2)  Index 

3)  Lubrication  system 

*J)  Combined  circulation  with  dry  sump 

5)  Oil  tank  filling  capacity,  liters 

6)  Oil  used 

7)  MS-22  or  M3-20 

8)  Specific  oil  consumption  at  rated  speed, 
g/(hp-h) 

9)  Oil  pressure  in  ‘system,  kg/cm2 

10)  Oil  temperature 

11)  At  entry  into  engine 

12)  At  exit  from  engine 

13)  Oil  pumps 
1*0  Gear 

15)  Filters 

16)  Plate 

17)  Pressure  drop  across  filter,  kg/cm2. 


Motor  oils  are  classified  into  the  following  groups  on  the 
basis  of  intended  use: 

automotive  —  for  lubrication  of  the  parts  of  carburetor  ruto- 
motive  engines; 

aviation  —  for  lubrication  of  the  parts  of  piston-type  avia¬ 
tion  engines,  whether  with  carburetors  or  fuel  injection; 

diesel  -  for  lubrication  of  engines  with  compression  igni¬ 
tion  (automotive,  tractor,  locomotive,  marine,  stationary,  etc  ). 

Specific  requirements  are  made  as  to  the  quality  of  each  o t 
the  oils  listed  above,  and  they  are  appropriately  reflected  in  the 
technical  specifications  for  oils  for  a  given  application.  How¬ 
ever,  even  in  their  present-day  form,  ordinary  oil  technical  spec¬ 
ifications  do  not  exhaustively  characterize  all  properties  of  the 
oils,  but  are  better  adapted  for  technological  control  in  the  p-c.- 


TABLE  6,5 

Classification  of  Motor  Oils  [3] 

£  rpruaw  i 


rpyuail  MOM  ■  IX  q«MKO*UB 


1 

DOHiMfWIB 


A  B 

(t*bi  npornya) 


(mm 
0*m  I) 


10  DfinKorrt.  tips 
100°  C,  cem 
0,0  ±0,5 
8.0  ±0,5 
10,0  ±0,5 
12,0  ±0,5 
14.0  ±0,5 
16-0  ±0,5 
20,0  ±0,5 

16  OTOHectBeunue 
M6TOAU  n  ADH- 
rATGAIT,  upcineH- 
iio  peKouoit- 
AyeMbio  aah 
yCTAUOBAOIJHA 
cepnn  uacna 
22  3apy6e>tuiue 

yCTBHOBKA 

2  5  3apy6emBH« 

M6T0AU 

■cturramft 


M-GA 

M-8A 

M-10A 

M-12A 

M-14A 

M-16A 

M-20A 

raa-51 ,  100  « 

17 


32  Ton;i«»o 


37  HaaHaieHie 

Kacaa 


11  M-6E  12  M-flB 
M-8E  M-8B 

M-10E  M-10B 

M-12B  M-12B 

M-14B  M-14B 

M-16E  M-16B 

M-20E  M-20B 

Taa-Sl,  100  «;  19154,  ax 
180-54  m  2-38,  480 
fl-38,  480  r,  HATH-yH 
HATH-yHM-e,  120  « 

120  « 


'H-yHM-e,| 

120  « 


i3M-ar 
M-ior 
M-i2r 
M-ur 
M-ier 
M»r 
HA3-204, 
20  550  a 


14M -8/1 
M-10/I 
M-121 
M-14H 

u-m 

M-20fl 
HA3-204, 
20850  a 


rfpTrep  W=  1 

IlHTTOp  W=  1, 
36  a  ((Spar, 
era  fa. 

I  PI 70/64) 


Han  qbtomo- 
Om.imiux 
KapCiopaTOp- 

IIUX  ABXraTG- 

aeft,  aaaamoa- 
nux  aopmtia- 
bmx  flBBrare- 
aeft  n  a>bmbI, 
pafioTtiooiax 
Ha  uajoeep- 

BHCTOM 

mum 


44  Macao, 

oo  HXxer.Bia- 

Kaqaa  API 

(AiUp.  *w0t. 
mb*) 


27 

1A,  480  a 
(fipHT.  craKA. 

124/64; 
ora ba.  CfflA 
832T) 


3? 

Han  (jjopcapo- 

BBIIHUX  BBTO- 
Mo6aabHUX 
aapCiopaTop- 
fux  fl»ari  Ta¬ 
le  ft  a  rpaa- 
ropiiwx 
aaaueft, 
pa6oTBB>aiax 
a*  Maaocap- 
bxctom  ronaa- 


MS-CO 


24  :  arat  naaaap 
28  29 
1A,  480  a  •“  " 
(cneuaf  a>  aoaa 

6pBTBH</tOfl 

apian  DBF 
2101 B  a  eno- 

naijaxanaa 

$*ora  CIDA 
M I L-L-9000A) 


ID,  480  a 
(Spar. 
ctbba. 
173/60; 

CTBBA.  CfflA 

840D 


34 

HBsejbBoe 

aajocapoacToa 


Haaeabsoa  capaactoa 


40 

flan  ijapcn- 

pOBBHBUX 

aaTOMoOnab' 
bux  Kapfiiopa- 
ropuHx 
AanraTeaei 
a  AHseaefi 
acax  aaaaasa- 
aaft,  paftoTa- 
kxaix 

at  eepaaeKW 
roonaa 


M8-DM 


41 

flan  4>op- 
capoaaa- 
aux 

ABaaaeft 

aoexlHASBA- 


"  pa6ora- 
»B,aa 
ai  oapar*- 
oroM 


3° 

1G,  480  a 
(0TBHA-  CfflA. 

341  T) 
a  1  A,  480a  I 
(6jwt. 
snuu. 

173/60; 

craoA. 

C10A34OT) 

^1D—  ah- 
aeabooo 
cepsacToa 
1G  —  AB¬ 
BS  JlbllO# 

naaocep- 

HHCT06 

424 an  du- 
ooao^opca- 
poaaanix 
(IMMl 


15M-16E 

M-20E 

flK-2  (Aaaeab- 
aoMopecoop) 
aa  HoTopuoa 
pi  TOnXBBO 
c  coAepwaaaaaf 

<*P“  1.5H. 

36  a 

HecTan^apx- 
UlIB  MBTOAH 
aa  ABararaaax 
Tana  Bolaaa, 
Rnaton 
Horntby 


a  AP-  c  ay6pa- 
aaropnoft 
cacreuoft 
aaaaxa 


8AE-20 

8AE-20 

8AE-30 

SAB-30 

SAB-40 

SAB-40 

SAB-50 


43 

Han  tbxoxoa- 

BUX  CyAOBVX 
naaaxefl 
e  aySpnaarop- 
aoft  Kaaaaa- 
poBoft  cbctb- 
KOft  CMHBKM 

b  enrr 

(cboCoahwx 
ncpmaeuix 
raneparopoB 
rata),  pa6c- 
TBaunax  aa 
ramxiu 
ctpaaenn 


Note.  Motor  oils  without  additives  or  only  with  a  depressor  (Regu¬ 
lar  type)  are  not  Included  In  the  new  classification  as  being 
without  further  interest. 
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1)  Index 

2)  Oil  group  and  indexing 

3)  A  (Premium  type) 

4)  B  (Heavy  Duty  type) 

5)  V  (Series  1  type) 

6)  G  (Series  2  type) 

7)  D  (Series  3  type) 

8)  Ye  (Mobilgard  593  type) 

9)  SAE  oils  corresponding  to  Soviet  class 

10)  Viscosity  at  100°C,  cSt 

11)  M-6B 

12)  M-6V 

13)  M-8G 

14)  M-8D 

15)  M-l6Ye 

16)  Soviet  methods  and  engines  recommended  provisionally  for  es¬ 
tablishment  of  oil  series 

17)  Gaz-51,  100  h 

18)  Gaz-51,  100  h;  D-54  or  D-38,  480  h;  NATI-UIM-6,  120  h 
ic)  d-54  or  D-38 ,  480  h;  NATI-UIM-6,  120  h 

20)  YaAZ-204,  550  h 

21)  DK-2  (diesel-compressor)  on  motor  fuel  containing  1.5%  sul¬ 
fur,  36  hr 

22)  Foreign  test  machines 

23)  Pitter  W  =  1 

24)  Caterpillar 

25)  Foreign  test  methods 

26)  Pitter  W  =  1,  36  h  (British  standard  IP176/64) 

27)  1A,  480  h  (British  standard  124/64;  American  standard  332T) 

28)  1A,  480  h  (British  army  specifications  DEF  2101B  and  U.S. 

Navy  Specification  MIL-L-9000A) 

29)  ID,  480  h  (British  standard  173/60;  American  standard  340T) 

30)  IQ,  4 80  h  (American  standard  3^1-T)  and  ID,  480  h  (British 

standard  173/60;  American  standard  340T) 

31)  Unstandardized  methods  on  Bolnes,  Ruston,  Hornsby  and  other 
engine  types  with  lubricator  lubrication 

32)  Fuel 

33)  Gasoline 

34)  Low-sulfur  diesel 

35)  Sulfur-containing  diesel 

36)  ID  -  sulfur-containing  diesel;  IG  -  low-sulfur  diesel 

37)  Application  of  oil 

38)  For  carburetor  automotive  engines,  piston-type  aviation  en¬ 
gines  and  diesels  operating  on  low-sulfur  fuel 

39)  For  tuned  carburetor-type  automotive  engines  and  tractor 
diesels  operating  on  low-sulfur  fuel 

40)  For  tuned  carburetor-type  automotive  engines  and  all  diesel 
applications  using  sulfur-containing  fuel 

41)  For  tuned  diesels  in  all  applications  using  sulfur-containing 
fuel 

42)  For  highly  tuned  diesels,  all  applications 

43)  For  slow  marine  d'esels  with  lubricator  system  for  cylinders 
and  FPGG  (CnrD  (free  piston  gas  generators)  operating  on 
heavy  sulfur-containing  fuels 

44)  Oil  according  to  API  (American  Petroleum  Institute)  classifi¬ 
cation  . 
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duction  process.  Only  in  recent  years  have  indices  characterizing 
the  operational  properties  of  the  oils  to  one1  or  another  degree 
made  their  appearance  in  technical  specifications  for  oils.  These 
indices  include  stability  to  thermal  oxidation,  detergency,  corro¬ 
siveness,  and  certain  others.  Tests  on  full-scale  and  model  ma¬ 
chines  are  acquiring  increasing  significance  in  evaluation  of  oil 
properties.  The  results  of  chese  oil  tests,  together  with  the  most 
important  physicochemical  indices,  form  the  basis  for  contemporary 
Soviet  and  foreign  oil  classifications. 

1.  SOVIET  MOTOR-OIL  CLASSIFICATION 

The  prevailing  grouping  of  oils  by  production  methods  and 
basic  applications,  without  consideration  of  their  operational 
properties,  is  unsatisfactory  from  the  standpoint  of  engine  manu¬ 
facturers  and  users,  for  whom  the  operational  qualities  of  the  oil 
as  applied  to  an  engine  with  a  given  degree  of  tuning  with  consid¬ 
eration  of  the  characteristics  of  the  fuels  used  in  that  engine 
are  of  prime  importance. 

Accordingly  (Table  6.5),  it  has  been  proposed  that  motor  oils 
be  divided  into  7  viscosity  groups;  oils  M-6  and  M-3  are  winter 
grades  for  automobiles  and  tractors;  all  other  oils  from  M-10  to 
M-20  are  used  during  the  summer  and  winter,  depending  on  tempera¬ 
ture  conditions  and  the  environment  of  the  machine  or  engine  (open 
air,  indoors,  ship,  etc.). 

Depending  on  the  type  of  engine,  its  degree  of  tuning,  its 
thermal  and  mechanical  stressing,  and  the  type  and  properties  of 
its  fuel,  it  has  been  proposed  that  oils  be  classified  Into  6 
groups:  A,  B,  V,  G,  D  and  Ye,  to  correspond  to  the  prevailing  for¬ 
eign  classification.  Table  6.5  indicates  the  correspondence  of  the 
oil  groups  to  the  foreign  viscosity  (SAE)  and  property  or  applica¬ 
tion  (API)  classifications. 

For  an  oil  to  be  assigned  to  a  group  (series),  it  must  pass 
the  appropriate  engine  test,  followed  by  comparison  with  a  refer¬ 
ence  standard.  Each  type  (grade)  of  motor  oil  has  a  code  designa¬ 
tion,  e.g. ,  M— 6 A  stands  for  motor  oil,  viscosity  6  cst  at  100°C, 
group  A  (Premium);  M-20D  is  a  motor  oil  with  a  viscosity  of  20  cst 
at  100°C,  group  D  (Series  3)>  and  so  forth  [4]. 

2.  FOREIGN  MOTOR-OIL  CLASSIFICATIONS 

The  basic  classification  in  use  in  all  foreign  countries  for 
motor  and  transmission  oils  for  various  purposes  is  the  SAE  (Soci¬ 
ety  cf  Automotive  Engineers)  classification,  in  which  each  oil  is 
designated  by  number  in  accordance  with  its  viscosity.  The  vis¬ 
cosity  Is  determined  at  0°F  (~17.7°C)  for  winter-grade  oils,  which 
are  coded  with  the  letter  "W"  (Winter)  in  the  classification  In 
addition  to  the  number,  or  at  210°F  (98.9°C)  for  all  other  oils. 

In  1950,  the  SAE  classification  was  supplemented  by  the  multigrade 
oils,  which  have  a  double  numerical  designation:  the  first  number 
symbol  characterizes  the  viscosity  of  the  oil  at  subfreezing  tem¬ 
peratures  and  the  second  at  above-freezing  temperatures. 

Table  6.6  lists  oil  viscosities  according  to  the  SAE  classi- 
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TABLE  6.6 


Classification  of  Oils  by  SAE  Numbers 


1 

M  SAE 

2  B/mkoch,  (a  ccm)  flpH  — 1 7,8®  C  | 

2Bn3Koe»  (i  ccm)  npa  +M.S*C 

3  MHHHMy* 

A  M&KCHMyM 

3  uwyi 

A  rowraTM 

5W 

- 

880 

10W 

1300 

2600 

4.2 

20W 

2600 

10  050 

5,75 

— 

20 

— 

— 

5,75 

9.7 

30 

— 

— 

9.7 

134 

40 

— 

— 

134 

1645 

50 

““ 

1645 

22,75 

1)  SAE  No. 

2)  Viscosity  (cSt) 
at  .  .  .°C 


3 )  Minimum 

4)  Maximum. 


TABLE  6.7 


Viscosities  of  Multigrade  Oils 


1 

Mapua 

2  BnaKocTk,  ccm 

5 

■ 

ii 

i 

■ 

z  o 

n 

1 

Mapua 

2  BflaKOcrk,  eem 

“5 

i 

■ 

■ 

li 

1! 

al 

3  Ms 

isis&g? 

A 

i 

ES. 

M  am 

3*  -5“ 
i£!|. 

«  a*.  2.5  2a 

x5PEsS5h 

iiTs&s3 

A 

i 

K  _ 

«s? 

li: 

5VV-10 

870 

4,2 

90 

10W-30 

2  600 

64 

132 

5W-20 

870 

6,0 

140 

10W-40 

2  600 

134 

139 

5W-30 

870 

6,5 

154 

10W-50 

2  600 

164 

144 

5W-40 

870 

13,0 

156 

20W-30 

10050 

84 

97 

5W-50 

870 

16,8 

156 

20W-40 

10  050 

13,0 

113 

10W-20 

2600 

6,0 

90 

20W-50 

10050 

164 

120 

1)  No. 

2)  Viscosity,  cSt 

3)  Maximum  at  -17.8°C,  extrapolated  in  ac¬ 
cordance  with  ASTM  curves 

4)  Minimum  at  98.9°C 

5)  Minimum  viscosity  index. 


ficatlon,  and  Table  6,7  presents  the  supplement  to  this  classifi¬ 
cation  for  multi vis cosi \y  oils.  The  SAE  classification  does  not 
set  standards  for  such  indices  of  oils  as  their  oxidation  stabil¬ 
ity  and  other  Indices  that  characterise  the  use  properties  of  the 
oils.  The  upper  and  lower  oil-viscosity  values  permitted  by  the 
classification  are  rather  widely  separated  for  each  grade.  Re¬ 
quirements  based  on  tests  of  the  oils  in  special  engines  are  for¬ 
mulated  in  specifications  that  take  the  operating  conditions  of 
the  oil  into  consideration. 


The  first  group,  the  so-called  regular-grade  oils,  includes 


oils  without  additives  that  are  suivable  for  use  in  lightly 
stressed  automotive  engines.  The  second  group  is  composed  of  oils 
of  the  better  "Premium"  grade,  which  contain  additives  that  im¬ 
prove  their  antiwear  properties  and  antioxidants.  The  third  group 
embraces  oils  for  severe  operating  conditions  (heavy  duty,  HD), 
which  contain  additives  that  endow  the  oils  with  detergent  proper¬ 
ties,  i.e.,  the  ability  to  prevent  formation  of  vami3hes  and  car¬ 
bon  deposits  on  hot  engine  parts,  and  prevent  piston-ring  burning. 
Usually,  anticorrosion  additives  are  also  used  in  these  oils  to 
prevent  corrosion  of  bearings  made  from  easily  corroded  alloys. 

Oils  meeting  specifications  MIL-L-2104A  and  DEF-2101B  were 
used  until  recently. 

In  1962-1963,  the  new  motor-oil  specification  MIL-L-2104B  was 
introduced;  it  differs  from  MIL-L-2104A,  which  was  adopted  in 
1954,  in  having  requirements  for  evaluation  of  the  oil's  tendency 
to  form  sludge  and  its  corrosive  aggressiveness  during  cold  engine 
operation  [5-7]. 

In  connection  with  the  extensive  use  of  diesel  fuels  with 
high  (up  to  1%)  sulfur  contents,  it  became  necessary  to  develop 
oils  that  possess  higher  detergent  properties.  Special  oil  grades 
were  created  for  very  heavy  duty  conditions  —  Supplement  I  and 
Supplement  II  or  Series  2.  Over  the  last  few  years,  the  Caterpil¬ 
lar  Tractor  Co.  developed  specifications  for  Series  3  oils.  These 
oils  contain  a  large  quantity  of  highly  efficient  detergent  addi¬ 
tives  (15-20$)  and  can  be  used  in  the  most  highly  stressed  diesel 
engines  in  operation  on  high-sulfur  fuels.  In  the  U.S.  Army,  Spec¬ 
ification  MIL-L-45199  provides  a  Series  3  oil  quality. 

The  American  Petroleum  Institute  (AnI)  has  proposed  a  letter 
system  for  indicating  oil  use  conditions. 

ML:  gasoline  engines  with  spark  ignition,  without  design  fea¬ 
tures  that  might  cause  formation  of  sludge,  and  not  Imposing  any 
special  requirements  on  the  oil. 

MM:  gasoline  engines  for  medium  and  heavy  duty  conditions 
that  tend  to  promote  formation  of  sludge  and  bearing  corrosion, 
and  having  high  crankcase-oil  temperatures . 

MS:  gasoline  engines  operating  under  unfavorable  conditions, 
in  which  special  requirements  must  be  made  of  the  oil  as  regards 
freedom  from  sludge  formation  and  bearing  corrosion  because  of 
engine  design  features  or  fuel  properties. 

DG:  diesels  that  Impose  no  particularly  rigid  requirements  on 
the  oil  (wear  and  corrosion  of  parts  or  formation  of  deposits  on 
them) . 


DM:  diesels  operating  under  heavy-duty  conditions  or  using 
ordinary  fuel  but  not  having  design  or  operational  peculiarities 
that  make  them  particularly  sensitive  to  solid  deposits  forming 
from  the  oil. 

DS:  diesels  operating  under  exceptionally  heavy-duty  c^-ndi- 


tions  that  promote  formation  of  deposits  and  accelerated  wear  for 
reasons  related  to  the  design  of  the  engine  or  fuel  properties. 

In  recent  years,  in  connection  with  the  development  of  high- 
powered  V-type  automotive  engines,  the  API  specification  for  class 
MS  oils  has  been  supplemented  by  a  series  of  requirements  relating 
to  tests  of  these  oils  on  a  number  of  highly  tuned  automotive  en¬ 
gines.  These  requirements  are  also  reflected  in  the  American  spec¬ 
ifications  (A3TM  G-IV-MS). 

Continental  European  specifications  basically  duplicate  the 
American  and  British  specifications  MIL-L-2104A  and  DEF-2101B. 

3.  MOTOR  METHOOS  FOR  EVALUATION  OF  OIL  QUALITY 

The  operational  properties  of  oils  for  internal -combustion 
engines  are  determined  on  single-cylinder  or  multi  cylinder  engines 
in  accordance  with  a  strictly  regulated  program  and  on  a  specific 
grade  of  fuel  (Tables  6.8  and  6.9).  Tests  on  the  UIM-1  machine 
have  the  purpose  of  establishing  the  tendency  of  the  oil  to  cause 
piston-ring  burns  and  form  deposits  on  the  piston.  The  amount  of 
the  deposits  and  their  nature  are  determined.  The  test  method  us¬ 
ing  the  UIM-6  machine  is  recommended  for  evaluation  of  group  V 
oil  quality  (see  Table  6.5).  The  results  of  determination  of  the 
mobility  of  the  rings,  the  amount  of  deposits  on  the  pistons  and 
rings  are  evaluated  by  a  point  system;  sleeve  wear  is  evaluated  by 
the  crescent-cut  method,  ring  wear  by  direct  weighing,  and  over¬ 
all  wear  by  the  amount  of  iron  in  the  oil. 

The  OD-9  engine  is  used  (by  method  I)  to  evaluate  the  ten¬ 
dency  of  oils  with  additives  to  form  varnish  deposits  on  the  pis¬ 
ton,  determining  them  according  to  AUSS  5726-53.  Also  determined 
is  tne  amount  of  deposits  on  the  piston,  rings  and  special  "wit¬ 
nesses"  inserted  in  the  piston.  The  same  engine  is  used  in  method 
II  to  characterize  the  detergent  action  of  the  additives  and  the 
oxidation  stability  of  oils  with  additives. 

Tests  on  the  IT9-2  are  run  to  determine  the  varnishing  capac¬ 
ity  of  automotive  oils  with  additives,  a  quantity  determined  by 
AUSS  5726-53.  In  tests  on  the  IT9-3,  which  have  the  purpose  of  de¬ 
termining  the  tendency  of  diesel  oils  to  form  deposits,  the  rating 
parameter  is  the  sum  of  indices  for  deposits  and  piston-ring  mo¬ 
bility.  The  IT9-5  machine  Is  used  to  evaluate  corrosive  aggres¬ 
siveness  and  detergency  of  automotive  oils. 

The  GAZ-51  engine  is  used  to  evaluate  the  tendency  of  an  oil 
to  form  sludge  at  the  bottom  of  the  crankcase  and  in  the  ^alve 
chamber  of  the  engine  (see  Table  6.9^.  A  100-h  test  Is  also  run 
on  the  CAZ-51  engine  for  general  evaluation  of  oil  quality  In 
groups  A  and  V  (see  Table  6.5).  Tests  are  run  on  the  D-5^  or  D-38 
engine  for  general  evaluation  of  diesel-oil  quality  in  groups  B 
and  V  of  the  Soviet  classification.  Flston-ring  mobility,  deposits 
on  the  piston,  over-all  fouling  of  the  engine,  filter  deposits, 
oxidation  of  the  oil,  and  cylinder  and  piston-ring  wear  are  evalu¬ 
ated  in  this  test.  The  YaAZ-2C*»  two-stroke  diesel  in  used  to  evalu 
ate  the  quality  of  group  C,  and  P  oils.  In  addition  to  the  parame¬ 
ters  listed  above,  corrosion  of  bearing  antifriction  alloys  is  ais 
evaluated  in  these  tests. 
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TABLE  6.8 

Soviet  Metnods  for  Rating  Oils  on  Single- 
Cylinder  Engines 


5  Tin  BBHriTMft 


6  Pafoui  O&MM,  *  .  .  . 

9  Aaitrarp  manimpa,  mm 
l  c  Xofl  noptna*,  mm  ... 
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t  2  Macao  oCopoToi  ■  iiaay* 

ry  . 

l  3  Mo®boctb,  a.  e . 

1  4  Pa  exon  TOD.1HM,  W/4 
l  s  TeMnepaTypa,  °C: 

i  6  oxnawflaiomei  nau- 
koctb . 

i  7  Micaa  . 

1  a  Konniccrso  Jiacaa  &  aap- 

Tepe,  k*  . 

2  o  Toimihbo  . 2 


2  3  Cepa  b  TonaaBe,  %  .  . 

2  s  JIa B.neiiMe  nanny**, 

Kf/CM*  . 


1) 

Characteristics  of  engine 

15) 

Temperatures,  °C 

and  test  conditions 

16) 

Coolant 

2 ) 

UIM-.  . . 

17) 

Oil 

3) 

OD-9 

18) 

Amount  of  oil  In  crank¬ 

*0 

IT9-.  . . 

case,  kg 

5) 

Engine  type 

19) 

8.7  liters 

6) 

D— 5 ^  cylinder 

20) 

Fuel 

7) 

D-75  cylinder 

21) 

Diesel  (AUSS  ...) 

8) 

Displacement,  liters 

22) 

B-70  gasoline 

9) 

Bore,  mm 

23) 

Sulfur  in  fuel,  % 

10) 

Stroke,  mm 

2*0 

Less  than 

• 

11) 

Running  time,  h 

25) 

Boost  pressure,  kg/cm 

12) 

Revolutions  per  minute 

13) 

Power,  hp 

1*0 

Fuel  consumption,  kg/h 

1 

XapaHTt  pacnaa  saanmna 
a  yeaosaa  mohimm 
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i  g 
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i-54  fl-75 

-  136 
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180  180  US 
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(8X30) 
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85 
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123  21  34-35  60  -  -  - 

2,6  4,4-45  -  -  057  058  15 
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TABLE  6.9 

Soviet  Methods  of  Rating  Oils  on  Multicylin 
der  Engines 


XipaxTfpncTUHi  asnrarM* 

8  YC.10SD*  UCOAtraHM 

mm 

61 

*38 
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fl-s* 

6 
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2 
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5 

fl-35 

4 

£-38 

5 

HA  3-204 

6 
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0  Macao  an.iaHflpoB  .  .  . 

6 

4 

4 

4 

4 

9  jnayeTp  nnanajpa,  mm 

82 
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l  o  X«u  nopmax,  mm  .  .  . 
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— 
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24 
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1  2 

140  a 
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. 
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1  9  oxaawjawmei  » ou- 
XOCTfl  . 

, .  . 

5,5 

5, A 

.  _ 

35-40 

95 

95 

2  o  Micaa  . 

35-40 

92 

92 

— 

— 

2  i  Koanyecrco  uacaa  b  xap- 
Tepe,  4 . 

6 

12,3 

12,8 

| 

_ 

2  2  TonaiBO . 

2  3SeaaiH 
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— 

2  4  Aaae&bsoe 

2  5  Cepa  B  Tonaxse,  %  .  . 

— 

HOB2  4 
1,0 

1,0 

1,0 

1.0 

1)  Characteristics  of  engine 
and  test  conditions 

2)  GAZ-51 

3)  D-35 

4)  D-38 

5)  YaAZ-204 

6)  D-54 

7 )  Engine  type 

3)  Number  of  cylinders 

9)  Bore,  mm 

10)  Stroke,  nun 

11)  Running  time,  hours 

12)  And 

13)  Power,  hp 


14)  Variable 

15)  Revolutions  per  minute 

16)  Same 

17)  Average  effective  pres 
sure,  kg/cm2 

18)  Temperatures,  °C 

19)  Coolant 

20)  Oil 

21)  Amount  of  oil  in  crank 
case,  liters 

22)  Fuel 

23)  Gasoline 
2*0  Diesel 

25)  Sulfur  in  fuel,  %. 
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TABLE  6.10 


Specification  Methods  Used  Abroad 
der  Engines 


for  Rating  Oils  on  Single-Cylin- 


XApftKTtpRCTVRfl 
Aiara tmr  a  yoaovvi 


n^np 

Kirejnutp 

0*11 

W-t 

AV-i 

1A(L»I) 

2 

d 

ID 

10 

1)  Characteristics  of  engine 
and  test  conditions 

2)  Fitter 

3)  Caterpillar 

4)  Oils  rated 

5)  Premium,  HD,  Supplement  I 

6)  HD,  Supplement  I 

7>  Supplement  I,  U.S.  Navy 

8)  Series  . . . 

9)  HD,  Series  3 

10)  Specification  MIL-L-2104B 

11)  Engine  type 

12)  Lubeco 

13)  Displacement,  liters 
1^ )  Bore,  mm 

15)  Stroke,  mm 

16)  Revolutions  per  minute 

17)  Power,  hp 

18)  Variable 

19)  Running  time  at  condi¬ 
tions,  hours 

20)  Fuel  consumption 

21)  20  ml  in  UR. 2  s 

22)  1.08  kg/h 

23)  ...  kcal/mln 

24)  Average  effective  pres¬ 
sure,  kg/cm^ 


25)  Temperatures,  °C 

26)  Coolant 

27)  Oil 

28)  Not  regulated 

29)  Air  at  Induction 

30)  Not  above 

31)  Minimum 

32)  Volume  of  oil  in  crank¬ 
case,  liters 

33)  Oil  change  interval,  h 

34)  No  changes 

35)  Boost  oressure,  kg/cm* 

36)  Fuel 

37)  Gasoline 

38)  Diesel 

39)  Isooctane  +  0.8  ml  of  TEL 
to  1  liter 

40)  Sulfur,  % 

41)  Method 

42)  (HD) 

43)  (Supplement  L) 

44)  No  less  than. 


-  407 


The  DK-2  diesel  compressor  is  used  to  rate  oils  intended  for 
slow-running  diesels  with  a  separate  (lubricator)  oiling  system. 

„  ^ie  characterls tics  of  single-cylinder  diesels  used  abroad  to 
evaluate  oil  quality  are  given  in  Table  6.10.  This  table  also  in¬ 
dicates  test  conditions. 


TABLE  6.11 

American  Specification  Methods  for  Rating 
Oils  on  Multicylinder  Engines 

i  I  I  a  if. 
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1  t>  TcnaiiBo  . Bbbsbb 
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5  Hwenepaji  MoTopc,  inn  3-7 1C 

3 

33 

108 
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84 

84 

84 

1800 
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300 

300 

100 

93,5 

94 

77 

121 

no 

94 

l  b  Pa  9o  ii Jib 
0.8  I  03 


03-0.4 


1) 

Characteristics  of  engine 

11) 

Revolutions  per  minute 

and  test  conditions 

12) 

Running  time,  h 

2) 

Specification 

13) 

Temperatures..  °C 

3) 

Engine  tyre 

U) 

Coolant 

k) 

Chevrolet 

15) 

Oil 

5) 

General  Motors  type  3-71C 

16) 

Fuel 

6 ) 

Number  of  cylinders 

17) 

Gasoline 

»  ' 

Displace*  t  ,  liters 

18) 

Gas  oil 

8) 

Bore ,  mm 

19) 

Sulfur,  *5. 

9) 

Stroke,  mm 

10) 

Power,  hp 

T:;*'  Oat  err  •  1  Im-  1--1  or  1 A  method  i.-  used  on  a  Cater*  illar  en¬ 
gine  for  comprehensive  rating  of  Hrevy-Lut.v -type  oils  that  meet 
Specifications  0FF-21Q1D  and  MIT, OH  A  and  Supplement  I  (Series 
1)  oils. 

Caterpillar  metnod  IF  is  used  to  rate  oils  used  by  the  U.S. 
Navy  (MIL-L-9000A) ,  Caterpillar  method  ID  for  Series  ?  and  3  oils, 
and  Caterpillar  me c hod  iG  for  oils  of  Series  3  only.  Testing  of 
Series  3  oils  on  the  Caterpillar  ID  and  IG  engines  1  °  provided  by 
the  USA’s  Specification  MlL-L-45199. 

The  Fitter  W-l  ana  AV-1  me*  hods  were  •love loped  in  England. 

The  Pitter  W-l  method  permit  evaluation  cf  the  oxidation  stabil¬ 
ity  of  motor  oils,  their  cerr  »c l ve  aggrer. s iver.ess ,  and  their  ten- 
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TABLE  6.12 

Conditions  of  Classification  Tests  Provided  by  ASTM  L1 2 3 4 5 6 7 8 9 * 11 * 13st  GlV-MS 
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8 
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3  4  OOmmi  unomi 


4  4 


1)  Index 

2)  1958-60  Oldsmobile  engine 

3)  B 

4)  C 

5)  1958  DeSoto  engine 

6)  1957  Lincoln-Mercury  en¬ 
gine 

7)  Test  No.  1 

8)  Test  No.  2 

9)  Test  No.  3 

10}  Revolutions  per  minute 

11)  Power,  hp 

I?)  Wuter  temperature,  °C 

13/  Leaving  engine 

14)  Entering  engine 

13)  Minimum 

16)  Oil  temperature,  °C 

17)  Maximum 

18)  Air: fuel  ratio 

19)  Valve-spring  tensioning 

20)  Normal 

21)  136?  of  maximum 

22)  Oil  consumption,  liters 

23)  5  (In  all  three  tests) 

24)  No  more  then  7.5  (in  all 
tests ) 

25)  Engine  running  time 

2 61  Minutes 


27)  Hours 

?8)  Engine -off  time 

29)  Number  of  steps  (cycles) 

30)  Total  test  time,  hours 

31)  Fuel 

32)  Gasoline  vith  0.8  r«l  of 
TEL  per  1  liter 

33)  Not  regulated 

34)  Normal  winter 

35)  Sulfur  content  0.16  ±  0.02J 
by  mass 

36)  Crankcase  ventilation 

37)  Plugged 

38)  Normal 

39)  Indices  evaluated 

40)  Pitting  corrosion  and 
traces  of  scoring  on  valve 
pushrods  and  camshaft 

41)  Rate  of  rusting 

4?)  Corrosion,  varnish  depos¬ 
its,  and  sludge 

43)  Ant is coring  properties 

44)  Formation  of  loor-tenqpera- 
ture  sludge. 


dency  to  form  varnish  deposits.  The  Pitter  AV-1  method  is  designed 
to  characterize  the  detergent  properties  of  diesel  oils. 

The  L-38  method  used  with  the  Lubeco  engine  is  used  to  deter¬ 
mine  the  oxidizabilities  of  oils  and  their  corrosion  properties. 

At  the  present  time,  this  method  is  replacing  the  Chevrolet  (L-M 
test,  which  had  been  used  to  characterize  the  qualities  of  oils 
with  various  series  of  additives  (Table  6.11).  Testing  on  the  Lu¬ 
beco  engine  by  the  LTD  method  makes  it  possible  to  evaluate  the 
tendency  of  oils  to  low-temperature  sludge  formation  (MIL-L-2104B) . 

The  detergent  properties  of  oils  meeting  the  requirements  of 
the  same  specification  are  evaluated  by  Caterpillar  method  I-H. 

The  GMC  Type  3-71C  two-stroke  engine  is  extensively  used  to 
rate  oils  conforming  to  Specifications  KIL-L-9000A  and  MIL-L-9000E, 
which  apply  in  the  U.S.  Navy.  Tests  of  the  series  run  on  this  en¬ 
gine  differ  in  conditions,  duration,  and  type  of  fuel  used,  and 
yield  a  comprehensive  evaluation  for  oils  to  be  used  in  Navy  pow- 
erplants.  Prom  1  to  2%  of  sea  water  is  added  to  the  oil  periodi¬ 
cally  to  bring  the  test  conditions  closer  to  those  of  actual  use. 

A  series  of  tests  on  1958-19*0  Oldsmobile,  1958  DeSoto,  and 
1957  Lincoln  engines  has  been  adopted  for  evaluation  of  the  suita¬ 
bility  of  class  MS  oils  for  use  in  modern  high-powered  V-type  au¬ 
tomotive  gasoline  engines  in  accordance  with  ASTM  List  GIV-MS. 

Tests  on  a  1958-1960  Oldsmobile  engine  fitted  with  a  special 
carburetor  and  two  copper-lead,  connecting-rod  bearings  are  run  in 
three  successive  (no  oil  change)  stages  (A,  B,  C),  as  shown  in 
Table  6.12,  by  the  GMC  method  with  the  purpose  of  rating  the  oil 
under  high-  and  low-temperature  operating  conditions. 

The  test  on  the  DeSoto  engine  permits  evaluation  of  the  prop¬ 
erties  of  the  oil  in  high-temperature  operation;  the  test  with 
the  Lincoln  engine  rates  them  at  low  temperatures  (see  Table  6.12). 

4.  VISCOSITY  AND  VISCOS ITY-TEMPERATURE  PROPERTIES  OF  MOTOR  OILS 

For  most  engines,  the  required  oil-viscosity  levels  (in  cst 
at  10J°C)  lie  within  the  following  ranges: 


Carburetor  automotive  engines . 6-10 

Diesels,  all  applications .  8-1.6 

Piston-type  aviation  engine:;  (carburetor 

and  fuel  injection) .  18-24 


During  the  cold  season  of  the  year  and  in  regions  with  low 
air  temperatures,  oils  with  lower  viscosities  are  used  in  automo¬ 
tive  engines  and  diesels. 

The  viscosities  of  commercial  grades  of  automotive,  diesel 
and  aviation  oils  are  given  in  Table  C.13. 

Knowledge  of  the  viscosity  at  one  or  two  tempcrat  ires  is  usu¬ 
ally  Insufficient;  for  ccmprehcns  1  ve  evaluation  of  oil  viscosity 
properties.  Trie  viscosity  p  report  ten  of  oils  are  characterized 


I 


Pig.  6.1.  Influence  of  load  on  automo¬ 
tive  engine  on  average  temperature  of 
parts  and  lubricating  oil:  1)  middle 
of  top  of  piston;  2)  cylinder  wall 
(top);  3)  cylinder  wall  (bottom);  4) 
crankshaft  bearings;  5)  oil  in  crank¬ 
case.  A)  Temperature,  °C;  B)  speed  of 
vehicle,  km/h. 
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Basic  Quality  Indices  of  Oils  Used  to  Lubricate  Internal -Combus- 
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Fig.  6.4.  Viscosity-temperature  characteristics  of  domestic  and 
foreign  diesel  oils  at  low  temperatures:  1)  DP-11;  2)  DP-8;  3) 
AKZp-10;  4)  SAE-20  (Argentina);  5)  SAE-10W  (England);  6)  SAE-5W 
(England).  A)  Viscosity,  cSt ;  B)  temperature,  °C. 
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Piston  Temperatures  in  Internal-Combustion 
Engines  [8] 
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Fig.  6.5.  Viscosity-temperature 
characteristics  of  automotive  oils: 
1)  AK-10;  2)  AS~5;  3)  AKZp-10;  1|) 
AKZp-6.  A)  Viscosity,  cSt;  B)  tem¬ 
perature,  °C. 


Fig.  6.6.  Viscosities  of  certain  oils 
at  high  temperatures  (according  to 
V.I.  Sharapov  and  Ye.G.  Seraenido):  1) 
MK-22;  2)  MS-20;  3)  MT-lo;  4)  AX-10; 
5)  industrial  50;  6)  industrial  20; 

7)  325-^00°C  fraction.  A)  Viscosity, 
cSt;  B)  temperature,  °0. 


moat  fully  by  the  curve  of  viscosity  as  a  function  of  temperature 
in  the  temperature  range  in  which  the  oil  is  used:  from  the  oil 
temperature  when  the  engine  is  started  to  the  temperature  devel¬ 
oped  in  the  engine  parts  under  various  loads  (Tables  6.14  and  6.15 
and  Figs,  6.1  and  6.2).  In  practice,  the  determination  of  high- 
temperature  viscosity  is  usually  limited  to  a  determination  at 
100°C,  since  the  viscosity  change  as  the  temperature  rises  further 
is  insignificant.  Figures  6.3  and  6.4  show  the  viscosities  of  cer¬ 
tain  aviation  and  diesel  oils  and  Fig.  6.5  those  of  automotive 
oils  for  a  broad  temperature  range;  Fig.  6.6  presents  viscosity 
curves  of  certain  oils  at  temperatures  above  100°C. 

Flatness  of  the  viscosity-temperature  curve  is  very  important. 
This  Index  determines  the  starting  properties  of  the  oils  at  low 
temperatures  and  their  lubricating  properties  at  high  operating 
temperatures.  The  flatness  of  oil  viscosity-temperature  curves  are 
evaluated  approximately  in  American  and  West  European  practice  by 
use  of  the  Dean-Davis  viscosity  index,  anc.  in  USSR  specifications 
by  the  ratio  of  the  kinematic  viscosities  at  50  and  100°C 
(v5o/vioo).  Table  6.13  also  gives  the  values  of  these  indices  for 
certain  oils. 

Generally,  the  viscosity  index  depends  on  the  group  chemical 
composition  of  the  oil;  the  shallowest  viscosity-temperature 
curves  sire  found  for  hydrocarbons  of  the  paraffin  series  and  cy¬ 
clic  (naphthenic  and  aromatic)  hydrocarbons  with  many  carbon  atoms 
in  the  side  chains .  Values  of  the  viscosity  index  are  given  in 
Table  6.16  for  distillates  of  lubricating  oils  from  various  ori¬ 
gins  and  for  oils  obtained  from  these  distillates  by  sulfuric  acid 
and  selective  purification.  Selective  purification  removes  polycy¬ 
clic  aromatics  and  tars  from  the  distillate  more  thoroughly,  and 
hence  the  resulting  oils  have  superior  viscosity-temperature  prop¬ 
erties  (high  viscosity  indices).  The  influence  of  tars  on  the  vis¬ 
cosity  levels  of  residual  and  distillate  oils  is  shown  in  Table 
6.17. 

TABLE  6.15 
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Fig.  6.7.  Viscosity-temperature  characteristics  of  multiviscosity 
oils:  1)  D-8;  2)  SAE-20;  3)  10W/30;  4)  10W/20;  5)  30W;  6)  5W/30; 
7)  5W/20;  8)  5W.  A)  Viscosity,  cSt;  B)  temperature,  °C. 


TABLE  6.16 


Viscosity  Properties  and  Composition  of  Distillates  and  Oils  of 
Type  AK-10  Obtained  from  Certain  Typical  Petroleums 
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7) 

NPF 

16) 

Balakhany  heavy 

8) 

AF 

17) 

Binagadi 

9) 

PTsAS 

18) 

Bibi-Eybat 

10) 

Content,  % 

19' 

Lokbatan 

11) 

Aromatic  rings 

20) 

Sulfuric  acid  refined  oils 

12) 

Naphthenic  rings 

from  petroleums 

13) 

Paraffinic  chains 

21) 

Selective-refined  oils 

14) 

Distillates  from  petroleum 

from  petroleums 

15) 

Balakhany  oily 

22) 

Commercial  oils 

23) 

Industrial  50. 

TABLE  6.17 


Influence  of  Petroleum  Tars  on  Viscosity  and 
Certain  Other  Properties  of  Oils  [9] 
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1) 

Oil 

8) 

Balakhany  distillate 

c) 

Analysis  of  oil 

9) 

Same,  tars  removed 

3) 

Density 

10) 

Rumanian  distillate 

4) 

Viscosity  v $ g  >  cSt 

11) 

Pennsylvania  bright  stock 

5) 

Molecular  weight 

12) 

Surakhany  bright  stock 

6) 

Coking  capacity 

13) 

Mid-continent  heavy  cylin¬ 

7) 

Tars 
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Fig.  6.8  Viscosity  properties  of 
normal  *,nd  thickened  oils  (after  V.I. 
Sharapov  and  Ye.’J.  Semenido):  1) 
thickened  MT-16;  2)  commercial  MT-16; 
3)  thickened  Dp-11;  k)  commercial 
Dp-11;  5)  thickened  AS -5;  6)  commer¬ 
cial  AS-5  (thickened  oils  are  ob¬ 
tained  by  thickening  a  narrow  petro¬ 
leum  fraction  boiling  in  the  0°C 
r£.nge  with  polyisobutylene)  (see  Fig. 
6.6).  A)  Viscosity,  cSt;  B)  tempera¬ 
ture,  °C. 


Viscosity  Properties  of  Normal  and  Thickened 
Lubricating  Oils  [10] 
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-11 

1) 

Index 

8) 

Ratio  of  50°C  and  I00°C 

2) 

Oil  type  . . . 

kinematic  viscosities 

3) 

Thickened 

0) 

Viscosity  index 

*0 

Normal 

30) 

Temperature  at  which  oil 

5) 

Viscosity,  cSt 

viscosity  reaches  100 

6) 

At 

pc  ises ,  °C 

7) 

Viscosity  with  structure 
broken  down,  poises 

11) 

Pour  point,  °C. 

TABLE  6.18 
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TABLE  6.19 

Viscosity  of  AffT-i4p  and  MT-l6p  Diesel  Oils 
at  Above-  and  Belcw-Freezing  Temperatures 
(after  Ye.G.  Semen! do) 
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5,6 

73 

9,4 

11,5 

13,9 

52,0 

10 

20 

30 

50 

216 

450 
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1)  011 
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ture  of 
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at  tempera- 


4)  poises 

5)  AMT-l4p 

6)  MT-l6p. 


TABLE  6.20 


Viscosity  of  Lubricating  Oils  as  a  Function 
of  Dilution  by  Fuel 


1 

Atm 

p  Buixocr,  •  (a  ccm)  np>  coacpnunB  tanm 

B  BBIOM,  % 

# 

ft 

10 

10 

15 

3  AK3n-6  , 

•  •  •  • 

7,0/29,1 

53/19.3 

43/143 

3.2/73 

23/7,0 

AK-6  .  . 

•  •  •  • 

0,4/29,0 

4,7/183 

3,7/123 

23/7.9 

£3/43 

AK3O-10 

•  •  •  • 

10,5/443 

8,0/28,6 

83/20,2 

43/14,0 

33/103 

AK-10  . 

<  ■  •  • 

10,4/89.9 

8,1/40,5 

5,7/23.7 

4,0/14.0 

33/10,1 

AIMS  . 

153/136,7 

11,1/68,0 

8,7/353 

53/133 

4.0/10.0 

•Viscosity  at  100°C/vlscosity  at  50°C. 

1)  Lubricating  oil 

2)  Viscosity*  (cSt)  at  .  ..*  gasoline  content 
in  oil 

3)  AKZp-6. 


Motor  oils  produced  by  thickening  low-viscosity  distillate 
oils  with  polymers  -  polyisobutylene,  Vinipol,  polymethacrylates 
have  particularly  flat  viscosity-temperature  curves.  These  oils 
include  AKZp-6  and  AKZp-10  lubricating  oils,  AMT-l4p  diesel  oil 
and  foreign  oils  of  the  multigrade  type.  Tables  6.18  and  6.19  and 
Figs.  6.5  end  6.7  compare  the  viscosity  characteristics  of  thick¬ 
ened  and  normal  oils.  Thickened  oils  retain  their  properties  even 
into  the  temperature  range  above  100°C  (Fig.  6.8).  In  use  in  auto 
motive  engines,  motor  oils  are  diluted  to  some  extent  by  the  high 
jailing  fractions  of  the  gasoline. 

Table  6.20  shows  the  change  in  oil  viscosity  as  a  result  of 


-  4?] 


gasoline  dilution. 

5.  STARTING  PROPERTIES  OF  KOTOR  OILS 


At  the  carting  temperature,  the  oil  must  e'-Mbit  a  certain 
minimum  mobility  so  that  it  will  reach  the  lubrication  points  far¬ 
thest  from  the  oil  pump  in  the  ahortest  possible  time  and  so  as  to 
ensure  a  resistance  moment  M  in  rubbing  elements  such  that  the 
starter  motor  or  other  starting  device  will  be  able  to  work  up  the 
crankshaft  speed  necessary  for  starting.  Both  of  these  indices  are 
determined  by  the  viscosity  of  the  oil  at  starting  tenperature,  as 
well  as  by  the  design  features  of  the  engine  and  the  power  of  the 
storage  battery,  the  voltage  across  whose  terminals  falls  with  de¬ 
creasing  temperature. 


TABLE  6.21 


TABLE  6.22 


Time  from  Start  Of  En¬ 
gine  to  Appearance  of 
Oil  at  Top  of  Piston 
[131 


Viscosity  of  Certain 
Oils  at  Low  Tempera¬ 
tures  (after  M.P.  Vo 
larovich  [13]) 
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1)  Oil 

2)  Viscosity  at  20°C, 

St 

3)  Temperature  at  which 
viscosity  reaches 

85  St 

*J)  Machine  2 
5)  Cylinder  50 
5)  AS-10 
n  AKZp-6 . 


A)  Number  of  cylinders 

B)  Viscosity  of  oil  at 
26°C,  cSc 

C)  Minutes 
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Pig.  6 . y .  Influence  of  oil  temperature  on  speed  of  GAZ  51  engine 
(ST-08  starter  running  off  two  3-ST-70  fc;  tteries)  (after  M. A .  Se- 

nichkin  and  P.G.  Filatov):  -  AKZp-10;  - AKp-5.  1)  Engine 

shaft  speed,  revolutions  per  minute;  2)  smarting  rev/min;  3)  tem¬ 
perature,  °C. 

-  H22  - 


TABLE  6.23 


Starting  Properties  of  0il3  in  GAZ-51  fing'ne 
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7Mnn0uum.nan  TeunepaTypa  aanyexa 
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1)  Index 

2)  Oil 

3)  AS-5 

4)  AKZp-10 

5)  Viscosity  (cer.tipoise)  at  temperature  cf 

6)  Limiting  pumpa'oilisy  temperature,  °C 

7)  Minimum  starting  temperature  (35-40  crank¬ 
shaft  r-ev/min),  °C. 


The  Influence  of  viscosity  on  the  time  required  for  oil  to 
appear  at  the  top  of  the  piston  after  the  engine  has  started  is 
shown  in  Table  6.21.  The  viscosities  of  a  wide  variety  of  aviation 
oils  ra  :e  from  350-450  St  <.t  the  pumpability  temperature,  while 
the  viscosity  at  which  the  engine  can  be  started  may  not  exceed 
90-100  St.  MK-22  oil  has  this  viscosity  at  about  2°C,  and  MS-14 
oil  at  -10°C.  According  to  some  sources  [11],  the  maximum  starting 
viscosity  of  automotive  oil  is  80-90  St,  and  according  to  others 
[12]  It  may  range  up  to  200  St.  The  difference  is  apparently  due 
to  differences  In  the  design  and  starting  speeds  of  the  engines. 
Table  6.22  shows  the  temperatures  at  which  the  viscosities  of  var¬ 
ious  oils  reach  the  85-St  maximum  value  for  engine  starting. 

'die  starting  speed  is  35-50  rev/min  for  carburetor  engines, 
50-90  rev/min  for  engines  with  compression  ignition  and  direct  in¬ 
jection.  120-150  rev/min  for  swirl-chamber  engines,  and  150-200 
rev/min  for  divided-chamber  engines.  Figures  6.9-6.10  show  the  in¬ 
fluence  of  oil  temperature  and  'r<scosity  or.  engine  speed.  Tables 
6.23-6.25  and  Fig.  6  11  show  the  limiting  values  of  oil  pumpabil- 
tty  temperature.  In  solving  starting-viscosity  problems,  it  is 
necessary  to  consider  the  drop  in  the  voltage  across  battery  ter¬ 
minals  with  declining  temperature. 

Excessively  high  oil  viscosity  and  the  related  decrease  in 
pvmoability  at  starting  causes  accelerated  engine  wear  (Figs. 
6.12-6.13).  For  a  warmed-up  engine,  wear  usually  decreases  with 
increasing  oil  viscosity. 

Selection  of  the  optimum  viscosity  is  .  etermined  by  engine 
operating  conditions:  with  frequent  starts  and  stops,  an  under  the 
conditions  of  urban  automobile  traffic,  preference  should  be  given 
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Pig.  6.10.  Drag  torque  ( Af)  and  crankshaft  speed  (n)  as  functions 
of  oil  dynamic  viscosity  (after  S.F.  Rubinshteyn).  1)  Revolutions 
per  minute;  2)  viscosity,  poises;  3)  drag  torque,  kg-m. 
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Fig.  6.11.  Pumpability  of  oil  in  lubricat¬ 
ing  system  of  GAZ-51  engine  as  a  function 
of  oil  dynamic  viscosity  (after  S.F.  Rubin¬ 
shteyn).  1)  Pumpability,  g/min;  2)  viscos¬ 
ity,  poises. 
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TABLE  6.24 


Minimum  Engine  Starting  Temperatures  (°C) 

cm] 
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-27 
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1)  Oil 

2)  GAZ-51 

ZIL-120  with  starter 

4)  ST-15 

5)  Distillate  lubricating  oil  witn  50°C  vis¬ 
cosity  of 

6)  2 . 56VC 

7)  Thickened  lubricating  oil  with  50°C  vis¬ 
cosity  of. 


Pig.  6.13,  Wear  of  GAZ-42  engine  in  starting  and  warming  up  on 
oils  of  various  viscosities:  a)  wear  as  a  function  of  number  of 
engine  starts;  b)  change  in  oil  viscosity  (at  50c'C)  in  progress 
of  test;  1,  2,  3)  starting  and  warmup  on  generator  gas;  4)  start¬ 
in',  and  warmup  on  gasoline.  A)  Amount  of  iron  in  oil,  g;  B)  number 
of  engine  starts;  C)  viscosity,  cSt. 
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TABLE  6.25 


Limiting  Viscosities  that  Ensure  Pumpabi iity 
of  Oils  and  Starting  of  Engines  [151 
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flMnmiu 

0  BffaMOCTb  muc*  (9  cent),  otftcnt- 
^  irfsaiotiiM 
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^  MOfSK 
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1)  Engine 

2)  Cil  viscosities  (in  cst)  that  ensures 

3)  Pumpabi lit y 

4)  Starting  6)  ZIL-120 

5)  GAZ-51  7)  ST-15  starter. 


to  low-viscosity  oils,  since  starting  wear  predominates  in  this 
case.  Under  the  conditions  of  extended  continuous  operation,  weai- 
is  reduced  by  the  use  of  higher-viscosity  oils,  which  maintain  a 
certain  minimum  viscosity  level  at  the  highest  operating  tempera¬ 
tures  . 

6.  CORROSION  PROPERTIES  OF  MOTOR  OILS 

The  problem  of  corrosion  of  the  antifriction  alloys  used  in 
the  bearings  of  internal-combujtion  engines  arose  in  connection 
with  the  extensive  replacement  of  tin  babbitt  by  other  alloys  dif¬ 
fering  from  it  in  having  higher  fatigue  strength  and  better  me¬ 
chanical  properties,  but  considerably  inferior  to  it  in  anticor¬ 
rosion  stability.  This  pertains  especially  to  such  alloys  as  cop¬ 
per-lead,  lead  babbitt  and  cadmium-base  alloys.  Tables  6.26  and 
6.27  give  the  compositions  of  typical  alloys  used  at  the  present 
time  in  the  bearings  of  internal-combustion  engines. 

The  lead  component  of  the  alloys  is  least  stable  to  attack  by 
the  corrosively  aggressive  products  present  in  the  oils  (Table 
6.28).  Hence  the  corrosion  properties  of  oils  are  evaluated  with 
respect  to  lead  in  the  methods  of  the  NAMI  (DK-2-NAMI)  and  Yu. A. 
Pinkevich  that  have  been  adopted  in  our  country. 

Table  6.13  presents  norms  for  the  corrosiveness  of  rmtor  oils 
with  respect  to  lead. 

The  corrosion  properties  of  the  oil  depend  on  the  presence  of 
corrosively  aggressive  components  (naphthenic  acids)  In  them  and 
on  the  tendency  of  the  oil3  to  form  corrosive  agents  as  a  result 
of  oxidation  (carboxylic  and  hydroxy carboxy lie  acids),  as  deter¬ 
mined  by  the  group  chemical  composition  of  the  oil.  Tables  6.29 
and  6.30  present  the  corrosion  properties  of  distiHates  and  cer¬ 
tain  experimental  and  commercial  motor  oils.  Oils  from,  sulfur-con¬ 
taining  petroleums  usually  show  less  corrosive  aggressiveness 
(Table  6. 31). 
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TABLE  6.26 

Compositions  of  Typical  Bearing  Alloys  [12] 


1  Caaaa 

4  OriOiHoncTuQ  6aC6nt  ,  . 
7  CiwaaoiiBCTua  6aS6ir 
9  KaaMneBO-cepefipjiHUfl  . 

10  KaAMBeBO-BDKe.ie>ufi  ,  . 

11  MejBO-rBnHpoBuA  ,  .  . 
14  TO  We,  C  nOXptlTKOM  .  . 

lo  To  we,  MOABjtampoua- 

BUft . 


2  npHMCpUMi  COCTBB 


3%  Cu,  7-8*4  Sb, 

5  oc.anhH  >e  Sn 
1-10%  Sn,  ;’5%  Sb, 

5  OCTBBbBO#  Pb 

0,75-2,0%  Cu,  0,25- 
0,5%  Ag,  ocrt.ibBoe  Cd 
1,0- 1,5%  Nl; 

<jl  OCTBftbBM  Cd 
25—40%  Pb,  seuBoro  Ag, 
12  QOTBBbBOe  Cu 
o  To  M  15 


18  AJiouBBneBiil 


21  CepeSpwaifi  c  uoxptrrneif 


19  6-5%  Sb,  1%  Cu, 
0,5-1%  Ni,  2,5%  Si 

SiBorga),  ocTf  jbHce  A1 

OBuflbBO  iBCTOe  cepefipo 
c  noxpuTRex  sa  cbbbbb 
a  jib  cBBBua  a  ssbbb 

22 


3  CrpTHTjrpe 

6  OjHopojHuft  comb 
3  To  at* 


Mease*  uaTpcna  (ryfixa), 
sano.iBBBBax  cbbxoom 
To  we,  ao  as  noMpz* 
BOCTb  aaaecca  «K»i  cun  - 
q«  ebb  6a6Cm 

MenBo-uitKeaeaea  ust- 
pnuu,  aanoaaeBBaa  cbu- 
qoBncTUii  6a66arox  e  ra- 
xnii  we  coKpunuH 
20  Ofl»OpOflBMB  CD  EBB 


Hacnifl  bWTaaB  e  ooxpai> 

23  TBBK 


1) 

Alloy 

16) 

Same,  modified 

2) 

Approximate  composition 

17' 

Copper-nickel  matrix 

3) 

Structure 

filled  with  lead  babbitt, 

4) 

Tin  babbitt 

with  the  same  coating 

5) 

Remainder 

18) 

Aluminum 

6) 

Homogeneous  alloy 

19) 

6.5S  Sn,  1*  Cu,  0.5-1*  Ni, 

7) 

Lead  babbitt 

2.5*  Si  (sometimes ) ,  re¬ 

8) 

Same 

mainder  41 

9) 

Cadmium-silver 

20) 

Homogeneous  alloy 

10) 

Cadmium-nickel 

21) 

Silver  with  coating 

11) 

Copper-lead 

22) 

Silver  of  rather  high  pur¬ 

12) 

25-40*  Pb,  small  amount 

ity  with  lead  or  lead  and  - 

of  Ag,  remainder  Cu 

inalum  coating 

13) 

Copper  matrix  (sponge) 

2?) 

Pure  metal  with  coating. 

filled  with  lead 

14) 

Same,  coated 

15) 

Same,  but  with  a  layer  of 

lead  or  babbitt  applied 
to  the  surface 


% 


TABLE  6.27 

Properties  of  Poured  Inserts  of  Various  Types 
(Optimum  Rating  100)  [12] 


CtUUlH 


1 

1 

! 

!  3 

r 

l! 

w 

s 

1 

V 

i! 

a7 

til 

1 

is 

I 

{ 

w 

c, 

l  o  ConpOTEBJifteuoen.  ycunoen 

8 

12 

30 

47 

i 

47 

i 

80 

100 

l  1  npupafoTKa . 

83 

83 

57 

14 

100 

£3 

100 

1  2  DiaM0BaenocTfc . 

100 

73 

60 

38 

51 

18 

12 

1  s  npoTBBoaoAnpaut  cboActbb 

100 

03 

£7 

38 

72 

86 

72 

1  4  yCTOii<UBOCTk  UJJGTBB  XOp- 

1 

pOBBB  . 

100 

75 

39 

25 

83 

100 

100 

l  s  Twpaoo»  . 

100 

100 

8i 

38 

100 

38 

12 

1  6  TcpMOCTOTlKOCTk . 

7 

10 

11 

16 

16 

39 

ICO 

1  7  Tr'naonpoBOflBOCTk . 

17 

8 

23 

70 

67 

52 

48 

1) 

Index 

10) 

Fatigue  strength 

2) 

Alley 

11) 

Running-in 

3) 

Tin  babbitt 

12) 

Embeddability 

4) 

Lead  babbitt 

13) 

Antiscoring  properties 

5) 

Cadmium 

14) 

Corrosion  stability 

6) 

Copper-lead 

15) 

Hardness 

7) 

Coated  copper-lead 

16) 

Thermal  stability 

8) 

Aluminum 

17) 

Thermal  conductivity. 

j) 

Coated  silver 

TABLE  6.28 

Change  in  Properties  of  Copper-Lead  Alloy 
Poured  Bearing  Inserts  as  a  Result  of  Corro¬ 
sion  [16] 


1 

2 

COCTtl  HUM,  % 

BkMMK 

Co  J 

Pb 

Stt 

rt 

P  Ml 

Horn*  . 

65A5 

33,83 

030 

0,16 

h  Cm xh 

5  P»»?y»)BBMl . 

95,40 

0.64 

1 

0.49 

1 2*  j 

002  0.15 

1)  Insert 

2)  Composition  of 
casting,  t 


3)  New 
*0  Traces 
5)  Corroded. 
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TABLE  6.29 


Corrosion  Properties  of  Certain  Motor  Oils 
Without  Additives  [17] 


1 

2  Koppcam  oo 
naiMosooT,  •/*• 

ifRWTBflf  WO 

5  Mt  tOB  oa  1 1 

Hien 

COMBO* 

a*  eino 

,  aaCToO 
40pon* 

so  ano 
{■nmm 

O 

7^r 

8  AinaqnOHno*: 

MK-22 . 

2.0  | 
45,2 

673 

108,0 

82,8 

0,7 

15.0 

303 

37,0 

27,1 

203 

035 

038 

036 

0.42 

0,14 

0,19 

0,17 

0.14 

0,19 

033 

0,55 

QMC-14 . 

l0Awm.no*: 

llfl-11  (cuecb  MK-22  ■  ■■a/ci- 

pnasbnoro  50) . 

IP.  A- if  ns  jM(iencKiz  aejnet  .  .  . 
I'i  IlH^ytTpnanbHoe  50 . 

J  AK-10 . 

833 

033 

1)  Oil 

2)  Pinkevich  corro¬ 
sion,  g/m1 2 3 4 5 6 7 

3)  On  lead 

4)  On  lead  bronze 

5)  Acid  number,  mg 
of  KOH  to  1  g 

6)  Before  oxidation 

7)  After  oxidation 


8)  Aviation 

9)  MS-14 

10)  Diesel 

11)  D-ll  (mixture  of 
MK-22  and  indus¬ 
trial  50) 

12)  D-ll  from  Emba 
petroleums 

13)  Industrial  50. 


TABLE  6.30 


Corrosive  Properties  of  Distillates  and  Oils 
from  Sulfuric  Acid  and  Selective  Refining 
[18]  of  Baku  and  Emba  Petroleums 


Koppoam  cammoaux 

Koppochs  macro  it  ok  c  a  an  no* 

1 

2  nnucTBaoa,  */»• 

5  BM3T01  OPontU, 

»/«• 

njmyKTii 

3 

4 

annapaT 

3  • 

annjpai 

r  m*j»a- 
t  vita 
MHoa 

dfintpaT 

HAUII 

IHiine- 

anna par 
HAMH 

miHKf. 

20  h 

so « 

20  a 

SO  a 

ns  (Jioff 
0,2  MM,  % 

7  Uhctdijijith 

8  Cua>.BHCKU 

9  MacHXBa*  h e$n>  .  .  . 

305 

303 

— 

113 

83 

i  o  t miMu  .  .  . 

314 

280 

SO 

92 

79 

1 1  ^BHaraaxaciuui  . 

317 

183 

43 

77 

83 

1  ?  BnCn-aftCaTCKM . 

I  S  JIOKfiaTtHCKaa . 

163 

111 

9 

39 

53 

297 

237 

70 

54 

— 

nMicn  cepaoxxe- 

AOTHOfi  09HCTXK 

8  Ba.iaxaacxaa 

6 

9  uacaxaaii . 

54 

59 

2 

8 

l  o  Txwexax  . 

1'3 

60 

1 

9 

10 

1  i  EoBaraAHBCxax  . 

6 

7 

1 

4 

12 

1  2  En6x-8fl6aTcxax . 

86 

68 

1 

10 

1 

j  JIoxCaTaBCKax . 

HMacia  cei  i>  xt  i.x- 

89 

70 

1 

10 

7 

HO  ft  OIBCIXBftyp- 
$ypojiox) 

8  BuaxauacKax 

9  iiacJMcxax . 

50 

50 

11 

36 

— 

l  o  Txwe.'iax  . 

84 

70 

4 

17 

— 

1  l  BnHaraAXHexax  . 

— 

6 

— 

7 

— 

1  2  BnJ'x  aisCarcKax . 

7 

12 

i 

3 

— 

1  3  .loxStTCBCxax  . . 

1  8  M  a  c  a  a  ctjiiKTii- 

20 

13 

i 

8 

B  0  ft  OBBCTKI  ($•- 
U0J10X) 

» 

«  Cc.ia.xaBCvax 

70 

60 

9  uacHxnax . 

— 

— 

— 

10  Txw&nax  . 

— 

— 

— 

51 

50 

i  i  BnnaraAnNCKaa  . 

1  1  POKSaTABCKaH . 

— 

— 

44 

41 

— 

— 

49 

58 

PToiapiut  n  o o u t- 

ixa  w  a  o  x  a 

'  * Aarox  n»  »u6«b£xbx  xa6> 

rat  . 

67 

68 

8 

18 

— 

1  Jliuarerpicxtioa  SO  ... 

2  OAK-10  roaapBUi  .... 

74 

110 

S3 

71 

6 

10 

30 

39 

44 

48 

2  iA»»»m>onxo*  MK-22  roaap- 

It 

■or  . 

2 

... 

1 

a 

2  SCuaca  MK  +  njyeTpaufc- 

48 

xoaSO . .  .  .  . 

•  — 

6 

— • 

1) 

Product 

5) 

Corrosion  of  lead-bronze 

2) 

Corrosion  of  lead  plates, 

plates,  g/m* 

g/m* 

6  > 

%  of  lead  washed  out  of 

3) 

HA MI  apparatus,  -0  h 

0.2-ram  layer 

4) 

Pinkevich  apparatus,  50  h 

7) 

Distillates 

*»30  - 


t 


8) 

Balakhany 

16) 

Selectively  refined  (phe¬ 

9) 

Oily  petroleum 

nol)  oils 

10) 

Heavy  petroleum 

17) 

Commercial  and  experimen¬ 

11) 

Binagadi 

tal  oils 

12) 

Bibi-Eybat 

18) 

Lubricating  oil  from  Emba 

13) 

Lc  kb  at  an 

petroleums 

14) 

Sulfuric-acid-reflned  oils 

19) 

Industrial  50 

15) 

Selectively  refined  (fur¬ 

20) 

AK-10  commercial 

fural)  oils 

21) 

MK-22  commercial  aviation 

22) 

Mixture  of  MK  +  industrial 

50. 


TABLE  6.31 

Corrosion  Properties  of  Oils  and  Oily  Frac¬ 
tions  from  Sulfur-Bearing  Petroleums  [19,  20] 
(by  method  of  Yu. A.  Pinkevich) 


i 

Maou  hot  4>p«kw 


7  Abtci  8  ce.ie?  rnanoi  oa- 

ctkii  ryihiaanacKoS  fl«80B- 
C2iOftK6$TB . 

8  4>pafcmiii  Ha$TeaOBUX  yr *tr 

BOflOpOflOB  SBIOJia  8  .  .  . 

1  o  I>[>AKrwH  apowaTmecKBi  yr- 
jirwaopoao»(nJJ  a,  1,5100) 

a*  roaa  8 . 

i  i  «T>p»Kmi»  apoiiaTtnecuz  yr- 
jienoaoporoa  =»!, 5405) 

aaTOJia  6 . 

l  2  /Ih3c.-  hm  HC- !  1  ns  cueca 
AO&cBCKHX  capancTUZ  ae$- 

Tfifl . 

i  3  Tinse.’i  .noe  MT-16  n;  cuecn 
,-icbobckex  cepnncmz  Be¬ 
reft  . 


1)  Oil  or  fraction 

2)  Sulfur  content,  $ 

3)  On  lead  bronze 

4)  Corrosion,  g/m* 

5)  Acid  number,  mg  of  KOH  to  1  g 

6)  On  leaded  electrolytic  lead  bronze 

7)  Lubricating  oil  6  from  selective  refine¬ 
ment  of  Tuymazy  Devonian  petroleum 

8)  Naphthenic  hydrocarbon  fraction  of  lubri¬ 
cating  oil  6 

9)  None 

10)  Aromatic  hydrocarbon  fraction  (n£8  » 

*  1.5100)  of  lubricating  oil  6 

11)  Aromatic  hydrocarbon  fraction  («p°  * 

■  1. 5**G5)  of  lubricating  oil  6 

12)  Diesel  DS-11  from  mixture  of  Devonian  sul¬ 
fur-containing  petroleums 

13)  Diesel  MT-16  from  mixture  of  Devonian  sul¬ 
fur-bearing  petroleums. 
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B  npcdoJ!XumsjibHOCmb  ucnbinicHun,  v  B  Ppodanmimej-bHocmb  uc/ibtmcmj x,  v 
c  d 


Fig.  6.14.  Corrosive  aggressiveness  of  oil  hydrocarbon  fractions 
as  a  function  of  test  time  (according  to  V.K.  Novikov;:  a)  MT-16 
from  sulfurous  petroleums;  b)  MT-16  from  Emta  petroleums ;  c)  DS-11 
from  3ulfurous  petroleums;  d)  industrial  50;  1)  original  oils;  2) 
naphthenoparaffinic  hydrocarbons;  3)  aromatic  hydrocarbons  de¬ 
sorbed  by  lsooctane;  4)  aromatic  hydrocarbons  desorbed  by  benzene. 
A)  NAMI  corrosion,  g/'m2;  B)  test  time,  h. 


The  naphthenoDaraffiriic  fractions  of  the  oils,  which  are 
least  stable  to  oxidation,  exhibit  the-  highest  corrosive  aggres¬ 
siveness  (Fig.  6.14).  Aromatics  are  considerably  less  aggressive. 

7.  STABILITY  OF  OILS  AGAINST  OXIDATION 

The  stability  of  oils  against  oxidation  by  atmospheric  oxygen 
at  elevated  temperatures  is  an  important  operational  characteris¬ 
tic.  This  index  determines  the  tendency  of  the  oil  to  form  corro¬ 
sively  aggressive  acidic  products  that  dissolve  in  it  and  in  olu- 
ble  oxidation  products  that  are  deposited  on  engine  parts  in  the 
form  of  varnishes,  sludge  and  scale.  Formation  of  insoluble  prod¬ 
ucts  results  in  feuling  of  the  engine  and  causes  burning  cf  r is  con 
rings,  which,  in  turn,  accelerates  wear  and  is  detrimental  to 
other  technical  characteristics  of  the  engine. 
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TABLE  6.32 


Operational  Properties  of  Certain  Motor  Oils 
[21] 


llAC-9,5  HoBOKyfiGn- 

meBCKoro  jsBOfla  .  .  79  0  12  240  20  46  1,8  4£ 

12flC*ll  HobokjMii- 

meBCKoro  saboao  .  .  69  28  3  250  20  32  1,1  4,0— Afi 

l^MC-20  I'posHeHCKoro 

;  saBOfla .  59  32  0  240  23  (260  ’C)  40  2,0  4,0-4* 

14MC-20  HoBOxyWii- 

meBCXoro  3bboa«  .  ,  44  54  2  255  31  (20*0  43  IA  - 

15MK-22  EaxHHCKoe  .  ,  52  45  3  245  21(26C*C)  40  2,0  8,5 


•AUSS  5737-53  method. 
**AUSS  9787-61  method. 
***AUSS  9352-60  method. 
****AUSS  5726-53  method. 


1)  Oil 

2)  Motor  properties  at  250°C* 

3)  Vaporizability ,  % 

4)  Working  fraction,  % 

5)  Varnish,  % 

6)  Critical  varnish-forma¬ 
tion  temperature,  °C** 

7)  Thermal  stability  at 

250°C,  min*** 

8)  Varnish  residue  at  260°C, 

% 


9)  Varnish-forming  coeffi¬ 
cient 

10)  Detergent  properties  ac¬ 
cording  to  PZV ,  points**** 

11)  AS-9.5  from  Novo-Kuybyshev 
refinery 

12)  DS-11  from  Novo-Kuybyshev 
refinery 

13)  WS-20  from  Groznyy  refin¬ 
ery 

14)  MS -20  from  Novo-Kuybyshev 
refinery 

15)  MK-22  Baku. 


A) 

B) 

C) 

D) 

E) 

F) 


TABLE  6.33 

Varnish  Formation  by  Commercial  Oils  and  Hy¬ 
drocarbon  Groups  Separated  from  Them  [22] 
(method  of  S.K.  Kyuregyan  at  250°C) 
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ti 


JMT-1P  is  cepaicTux 

.  .  . . 
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S  MaaoicxaBiecxax  apouan- 
aecxai  $paKHEx 
|  IloJiHUEKJiKiecKafl  apoiiara- 
xecxaa  $paxmi . 


13,5 


12.5 

6.5 
11 
17 
10 


10 


Product 

Varnish-formation  period, 
nin 

MK-20  from  Surakhany  se¬ 
lect  petroleum 
Naphthenoparaffinlc  frac¬ 
tion 

Oligocyclic  aromatic  frac¬ 
tion 

Polycyclic  aromatic  frac¬ 
tion 


G)  MS-20  from  Karachukhur- 
Surakhany  petroleum 

H)  MT-16  from  Emba  petroleum 

I)  MT-16  from  sulfur-contain' 
ing  petroleums 

J)  DS-11  from  sulfur-contain 
ing  petroleums. 
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TABLE  6.34 

Results  of  Evaluation  of  Oil  Use  Properties 
by  GSM-20  Method  [23] 


1 

Niue 

JlaxooQpa- 

BOB4BB# 

at  &  s, 

%  sepaoro 

PaOoro- 

QOOCO0- 

MOCTfc, 

3' 

1 
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no  nab, 

cl**" 
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5  MK-22  6axaacxM  ,  .  . . 
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3,5 
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3,0 

6  MC-20  as  mupBOBCKO-xopofaOBCxo* 

a  . . 

9  MC-20  ns  Kapasyzypo-cypsxsHCKoft 
aefra: 

10  oCpassa  1  . . 

75 

10 

25 

3,5 

90 
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65 

8,0 

oOpasea  2 . 

100 

5 

50 

4, 0-4,5 

11  MT-16  as  cepnacmx  aejnre*  .  .  . 

55  - 

12 

20 

?, 0-3,5 

12  MT-16  as  mnpsoBCKo-KoptfKCBCxoft 

ae$TK . . 

75 

10 

25 

8, 0-3.5 

13  MT-16  as  xapaiyxypo-eypaxaHCxofi 

03<j>TH . 

100 

5 

65 

3,0— 3,5 

Ik  MT-16  na  3n6eBCKo4  ae&rx  .... 
IS  AC-11  ns  cepaacraz  ae$reft  .  .  . 

100 

5 

60 

4, 0-4,5 

65 

8 

70 

16  ifiiaytTpnasbnoe  50.  as  6sJiEzaacK0ft 
Ma',.lflP0H  TH  .  . . 

u5 

9 

85 

_ 

17  AC-9,5  <ia  cconacriM  ae^Tefi 

75 

9 

50 

4,0 

13  AC-5  a-'  cepancniz  ao^iet  .  . 

100* 

i 

60 

•After  4  hours. 

1)  Oil 

2)  Varnish  formation  In  5 
hr,  %  bl?ck  varnish 

3)  Useful  life,  h 

4)  Corrosion  In  10  h,  g/ma 

5)  Detergent  properties  ac¬ 
cording  to  PZV,  points 

6)  MK-22  Baku 

7)  MS-20  from  sulfur-contain¬ 
ing  petroleums 

8)  MS-20  from  Zhirnovsk-ko- 
robkovsk  petroleum 

9)  MS-20  from  Karachukhur- 
Surakhany  petroleum 

10)  Specimen  ... 


11) 

12) 

13) 

14) 

15) 

16) 
17) 
Id) 


MT-16  from  sulfur-contain¬ 
ing  petroleums 
MT-16  from  Zhirnovsk- 
korobkovsk  petroleum 
MT-16  from  Karachukhur- 
Surakhany  petroleum 
MT-16  from  Emba  petroleum 
DS-11  from  sulfur-contain¬ 
ing  petroleums 
Industrial  50  from  3ala- 
khany  oily  petroleum 
AS-9.5  from  sulfur-con¬ 
taining  petroleums 
AS-5  from  sulfur-contain¬ 
ing  petroleums. 
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TABLE  6.35 


Physicochemical  and  Operational  Properties  of  MT-16  Base  Oils  Ob¬ 
tained  from  Various  Raw  Materials  [2*1] 
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bi  itapa- 
vxypo- 
eypaxaa- 

na  HMp- 
noacKO- 

WODO0- 

a  eepRBOTHX  Regret 
Ho»o-y$nnCKnro 

6  Mioaa 

OpcHoro 

5  Mto r* 

CKOi 

■n.inii.ra 

ocTaro^- 
5  noe 

ommth 
i  mot 

l  l  BnaxocTb  KRifGM&TmccKafl  npH  100°  C,  eem 

16,7 

17,3 

17,2 

16,2 

15,9 

16,9 

16,3 

1  2  OTHOmoUHO  KMHOMdTHRCCKOH  .  BH3R0CIH  HpH 
50s  C  K  KimoMOTIIHCCKOft  MS BOOTH  DflH 

100°  c . 

6,5 

6,9. 

6,6 

7,2 

7,7 

6,9 

6,5 

1  3  ToMncparypa  3BCTunaiiHB,  0  G  ....... 

l  4  ToMncpaTypn  ncuumKK  (■  oncpurou  Tame),  °C 

-17 

-18* 

-23 

-27 

-28 

-12 

-15 

230 

,  253 

240 

222 

228 

2,9 

241 

1  £  Kncjionioe  hiicjio,  mi  KOH  na  1  i . 

0,15 

0,00 

0,08 

0,08 

0,06 

0,00 

0,01 

1  6  KOKCyOMOCTb,  %  . . . 

0.50 

0,35 

0,40 

0,40 

0,40 

0,53 

0,57 

1  7  3<UIb»MCTb,  %  . 

0,009 

0,005 

0,004 

0,004 

0,001 

1  0orc. 

0,008 

1  3  Koppoaim  no  IlnnKeDHiy,  i/m *  .  . . 

2  0  Moropuue  cBOiicTBa  npn  250°  C,  %: 

2  l  ncnapncMocTb  . 

55 

8 

8 

38 

16 

17 

16 

67 

49 

62 

69 

64 

48 

53 

2  ?  paOonan  ApanijHH . . . 

17 

47 

31 

19 

32 

51 

46 

2  3  ;iaK  . . 

16 

4 

7 

12 

4 

1 

1 

2  4  AaTHOKucnn.eJibHue  cboActbs 

2  5  TepMOOKHCWITWIbHaR  CTaOHJIbHOCTb  npn 
260°  C,  %  . 

18 

34 

P.2 

24 

25 

32 

25 

2  6  JiaKODtifl  ocTaTOK  npn  260°  C,  %  .... 

34 

40 

32 

30 

30 

36 

34 

2  7  KoaijHjjimHeHT  jiaKoo6oi.iOBaHKn  npa 

260°  C . '. . 

1,9 

1,2 

1,4 

1.2 

1.2 

1,1 

1,4 

2  3  KpHTinecKafl  TeamepaTypa  naxooCpa- 

aosanuH,  °  C . 

235 

255 

245 

245 

245 

255 

255 

2  9  MOK>mr:e  CBOficTBa  no  I13B,  6uoh  .  .  . 

4—4,5 

3-3,5 

3.5 

3-3,5 

3-3,5 

2,5-3 

4,0 

3  o  Hcnurauhn  no  neTOfly  rCM-20: 

3  i  juKOofipaaoBanio  aa  5  «,  %  nepnoro 

100 

55 

100 

95 

75 

60 

50 

3  2  Koppoaaa  aa  10  <*,  i/m* . .  . 

61 

18 

67 

25 

31 

45 

1)  Index 

2)  MT-16  base  oils 

3)  Prom  Emha  petroleums, 
Yaroslavl  refinery 

4)  From  sulfur-containing 
petroleums,  Novo-Kuybyshev 
refinery 

5)  From  Emba  petroleums, 

Orsk  refinery 

6)  From  Karachukhur-Surakhany 
pet.ro  3  eum 

’{)  From  Zhirnovsk-korobkov: 
pet.  role  urn 

H)  From  sulfur-containing 
petroleums,  Novo-Ufa  re¬ 
finery 

9)  Residual 

10)  Mixed 

11)  Kinematic  viscosity  at 

12)  Ratio ' of^50°C  to  100°C 
kinematic  viscosities 

13)  Pour  point,  °C 

1*0  Flash  point  (open  cru¬ 
cible),  °C 

15)  Acid  number,  mg  of  KOH  to 
1  F 


16)  Coking  capacity,  % 

17)  Ash,  % 

18)  None 

19)  Pinkevich  corrosion,  g/m2 

20)  Motor  properties  at  250°C, 

% 

21)  Vaporisability 

22)  Working  fraction 

23)  Varnish 

24)  Antioxidation  properties 

25)  Thermal-oxidation  stabil¬ 
ity  at  260°C,  % 

26)  Varnish  residue  at  260°C,  * 

27)  Coefficient  of  varnish 
formation  at  260°C 

28)  Critical  varnish -forming 
temperature,  °C 

29)  PZV  detergent  properties, 
points 

30)  Tests  by  GSM-20  method 

31)  Formation  of  varnish  in  5 
h,  %  black  varnish 

32)  Corrosion  in  10  h,  g/m*. 


In  the  technical  specifications  for  commerc  '  .  otor  oils 
(see  Table  6.13),  stability  against  oxidation  is  indirectly  char¬ 
acterized  only  by  the  thermal-oxidation  stability  index  according 
to  K.K.  Papok's  method  (AUSS  9352-60)  and  directly  by  the  corro¬ 
sion  coefficient  according  to  Yu. A.  Pinkevich  (AUSS  3162-49).  Ex¬ 
perience  has  3hown  that  these  two  indices  are  insufficient  for  ex¬ 
haustive  characterization  of  this  property  of  the  oils-  In  view 
of  this,  a  number  of  rating  methods  have  been  proposed,  and.  In 
the  aggregate,  they  permit  a  more  complete  evaluation  of  oil  anti¬ 
oxidation  stability.  A  comparative  evaluation  made  by  these  meth¬ 
ods  for  a  number  of  motor  oils  of  various  origins  appears  in 
Tables  6.32  and  6.33. 

The  antioxidation  stability  of  an  oil  can  also  be  evaluated 
by  testing  the  oil  in  a  special  engine.  The  results  of  such  rating 
of  a  series  of  oil  in  the  IT9-3  engine  by  the  GSM-20  method  are 
given  in  Table  6.34. 

Table  6.35  presents  the  results  of  comparative  studies  and 
tests  of  a  number  of  specimens  of  MT-16  diesel  oil  produced  from 
various  raw  materials. 

8.  GROUP  CHEMICAL  COMPOSITION  AND  CERTAIN  PHYSICOCHEMICAL  PROPER¬ 
TIES  OF  COMMERCIAL  MOTOR  OILS 

Depending  on  origin,  production  method  and  refining  method, 
the  operational  properties  of  oils  of  the  same  grade  may  vary  to 
a  certain  degree.  Data  characterizing  the  properties  of  typical 
motor  oils  obtained  from  various  raw  materials  or  by  different 
processes  are  given  in  Tables  6.36-6.39. 
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TABLE  6.36 

Physicochemical  Properties  and  Group  Chemi¬ 
cal  Composition  of  Lubricating  Oils  [25] 


A 

nOKaUTMM 


Micaa  eepnoKRC  - 
JlOTHOt  omOTKI 
h*  Cakuhckbx 
3  aeapreB 


Macao  AC'S ,5  eeaaKTBMol  owtkb 
a*  cepaacTHZ  ae#Tat 


.JIIJioTHOCTfc  p**  ...  0,9117  0,9023  0,3916  0,8854  0,8825  0,8300 

KKop^nqueBT  upo- 

.lOM.ieHHH  n*  .  .  1,5090  1,4982  1,4955  1,4940  1,4894  1,4893 

LAHIMIIHOBM  TOTKB, 

•C  .  88  98  97  99  102  103 

MBnaKOCTb  lntneiiBTi* 
iccKafl  npa  100" C, 

can  ......  10,7  8,46  11,0  11,35  9,54  9,66 

HHhaokc  msxoctb  .  42  60  83  92  90  95 

OCeps,  %  0,25  0,20  1,20  1,15  0,97  0,93 

.....  .. 


0,8815 

1,4885 


PKncjioTnoe  "ihcjio,  m 
KOH  a*  1  a  ... 
QHcppoaua  no  II:ihx»- 
oiwy,  «/**  .... 
RrpynnoBC-S  mnne- 

CKllfl  COCTBB, 

Sna^TeBoBo-napa- 
(Jn.uoDue  .  .  , 
TapoMaTiiiecKue  . 
Uthbcojiuo  apoMa- 

TUBOCKBe  .  . 

Veil  oa  u . 


0,13  0,10  0,06  0,06  0,08  0,02 


10  |  5,4 
1  !  C.8 


Index 

Oil  sulfuric-acid-refined 

from  Baku  petroleums 

Industrial  50 

AS-9  5  oil  selectively 

refined  from  sui fur-con - 

tair.ing  petroleums 

Distillate 

Compounded 

Deep*  refined 

Sulfuric  acid  postrefine- 
men 

Adsorption  postrefinement 
Density 

Refractive  index 


Aniline  point 
Kinematic  viscosity  at 
1C0°C,  cSt 
Viscos'ty  index 
Sulfur,  % 

Acid  number,  mg  of  KOH  to 

1  B  ,  . 

Pinkevich  corrosion,  g/m * 
Group  chemical  composi¬ 
tion,  % 

Naphthenoparaf finic 
Aromatic 
Heavy  aromatic 
Tars . 


4 


TABLE  6.37 

Characteristics  of  Hydrocarbon  Groups  Separated  irom  DS~8  and 


DS-lft  Oils  [2 

6,  27] 

1 

2 

Vjw.’tfcaaa 

Oaomoen 

k 

QoRUann 

BPMOMMfllll 

BltSKQOTft  KIKOailMWiMI, 

cj  (cm 

7 

Hast  mo 

8 

"T 

rp)nm  yrnetcusoposou 

jpnupoa  a 

•r 

it 

nD 

6 

npa  so'C 

’  ^ 

0 

npa  100*C 

MSNOCTB 

9  Macao  AC-8 

10  Ha$Teno-n*pa$inio- 

■HS . 

97 

0,8643 

1,4755 

27,95 

6,58 

109 

0,01 

11  ApOMBTirceCKM 

12  JIWKHC  ... 

13  cpeflime  .... 

14  THJKWIHO  .  .  . 

1!2 

139 

162 

0,8900 

0,9329 

0,0778 

1,4915 

1,5170 

',5390 

40.02 

69,60 

244,13 

7,99 

10,15 

19,39 

89 

42 

-26 

0,41 

1.45 

3.6 

15  Macao  AC-14  •  . 

* 

10  HatpTeBoiiapa^aao- 

OU0  ...... 

90-101 

0,8610-0,8788 

1,4722-1,4830 

— 

9,64-11,99 

97-115 

— 

11  ApoifamccKsa 

12  xerKMe  .... 

13  CpeflHHB  .... 

14  TRWMUe  .  .  . 

102-120 

12; -155 

160 

0,8307-0,9107 

0,9052-0,9504 

0,9600-0,9852 

1,4848-1,5036 
1,5034-1,5322 
1, 5340-1, 5380 

— 

12,09-17,6 

15,95-39,23 

36,82-60,3? 

87-96 

ii-" 

— 

*The  values  given  are  the  extremes  for  DS-14  oils  obtained  by  mix¬ 
ing  various  distillate  and  residual  components  [27j. 


1) 

Hydrocarbon  group 

9) 

DS-8  oil 

2) 

Specific  dispersion 

10) 

Naphthenoparaffinic 

3) 

Density 

11) 

Aromatic 

*0 

Refractive  index 

12) 

Light 

5) 

Kinematic  viscosity,  cSt 

13) 

Medium 

6) 

At 

14) 

Heavy 

7) 

Viscosity  index 

15) 

DS-l'4  oil* 

8) 

Sulfur,  % 

16) 

To. 

-  ino  - 


TABUS  6. 3  8 


Physicochemical  Properties  and  Group  Chemi¬ 
cal  Composition  of  Diesel  Oils  from  Eastern 
Sulfur-Containing  Petroleums*  [26,  273 


1 

2  M«ona 

IIOKAMTftJBi 

j  3  flC-8 

flC-U** 

‘‘ItlOTHOCTb  pj*  . 

0,8910 

5  BusKocTb  xiraeuaTMecxu,  eon 

6  npB  50°  C  . . . 

42,0 

— 

nj>H  100*  C  . . 

8.13 

13,17-14,63 

7  IlHAexc  nxaxocn . 

85 

35-90 

e  noKasateab  npe.’ioii.ieHiui  . 

1,4820 

— 

9  Cepa,  %  . . 

0,31 

0,85-1,1 

0  rpynnoi.oft  xuMiiincKnft  cocraa,  %: 

1  1  HwJrreBO-n&faifaBOBife  . 

52,40 

48,84-54,90 

1  2  neTr.ue  apouaTiriecKxe  . 

17,00 

11,28-15,85 

l  a  cpeame  apoMannecxae  . . 

14,20 

23,67  -27,41 

l  4  Tameable  apoMtTtneCKHe  . 

14,40 

i  3,92-6,71 

l  $  cxosai . 

1,97 

1,80-2,88 

*A11  oils  obtained  from  commercial  mixture 
of  sulfur-containing  petroleums  (Tuymazy, 
Bavly,  Bugul'ma  and  Mukhanovo). 

*#The  values  indicated  are  the  extremes  for 
DS-14  oils  obtained  by  mixing  various  distil 
late  and  residual  components  [26]. 

9)  Sulfur 

10)  Group  chemical 
composition 

11)  Naphthenoparaf- 
finic 

12)  Light  aromatic 

13)  Medium  aromatic 

14)  Heavy  aromatic 

15)  Tars. 


1)  Index 

2)  Oil 

3)  DS-8 

4)  Density 

5)  Kinematic  viscos¬ 
ity,  cSt 

6)  At 

7)  Viscosity  index 

8)  Refractive  index 
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i 


TABLE  6.39 


Physicochemical  Properties  ar.d  Group  Chemi¬ 
cal  Composition  of  Aviation  Oils 


. 

2 

Macao 

MK-IO 

i 

MC-20 

1 

□oKtuiwa 

4 

B3  eypa- 
XaMCKO* 
OrflopHoa 
uejrra 

5 

si  ea Hsm 
nongea- 

TpATOS 

Kupisy- 

xypo-cyps- 

XIKCKMX 
a  rposHfa- 
CKKX 
secret 

e 

n  Kipa- 
<rr*ypo- 
crpaxaa- 

CKOt 

a«#ni 

7 

aa  >*rv 
aoacaoK 
sett* 

a  a  CMtea 
cepnacntt 
b«#tM 
(TyfiMa* 
aaaonot, 
•Sainaa* 
'wet, 
Oyryaa- 

NBBCKOt 

a  «r*a- 

■OKKOt) 

9  n.lOTIJOCTfc  pj* . 

0,0004 

0.895 

0,8990 

J  p  B»3K0Clb  KnUGMaTllleCKU, 
ctm: 

,  .  npn  50*  C  . 

161 

159,4 

1  1  *  100»C  . 

23,1 

20,8 

— 

21,6  * 

1  2  Bfl3KOCTHO-BCCOBU  KOHCTB- 
DTt . 

0,8285 

0,8160 

1  3  illWKC  BH3KOCTI  .... 

78 

82 

— 

— 

85 

i  ^TeidDepBTyp£  Bcnumxn,  °C 

1  5  D  OVl.'OUTOM  TUTBt  .  . 

270 

1  SB  i KpUTOM  THrJBB  .  . 

— 

250 

— 

— 

i  TTeuncpaiypa  iiemuiu, 

8  C . 

-19 

_  ■ 

_ 

1  8K0KCyei(3CTb,  %  .... 

0,29 

— 

— 

— 

1  9Cra6iubuooTb  no  AaHHH: 

2  o  jiHAyKn,noBHUft  nepnoff, 

MUM  . 

24 

• 

2  l  ofimee  Bpeiu  oxhcbo- 

nnn,  mum . 

2  2Koppoana  no  IlHHxeBmy  na 
cBiiapoBux  nnacriaxax, 
*/j»*  . 

226 

mmmm 

, 

f 

3,0 

■ 

2  3Cepar  H  . 

— 

— 

— 

— 

1.06 

2  ‘.rpynnoso'S  xhbuitockcS  co- 
CTai,  %: 

2  5  na<{iTe  ao-n*pa$a»o- 

2  6  *“•  . 

apotcanwcime  .  .  . 

69.0 

70,3 

71,5 

69.2 

50,4 

25.0 

27,  i 

27,0 

29,0 

«.4 

2  7  cunjiu  *»  T"'‘  pa  ... 

6,0 

2,6 

1,8 

4,2 

2  e  KonbiiMoft  cocraa,  S 

2  ')  nniJ)TOROflwe  xuabna 

25,0 

— 

3  g  apoMarinmnc  K04U;2 

2,4 

— 

— 

— 

— 

.  ,  napa^nuorae  ptna 

3  I 

72,6 

~ 

1) 

Index 

$> 

Density 

2) 

Oil 

10) 

Kinematic  viscosity,  cSt 

3) 

MS-20 

11) 

At 

U) 

From  Surakhany  select  pe¬ 

12) 

Viscositv-weifjht  constant 

troleum 

13) 

Viscosity  index 

5) 

From  mixed  concentrates 

1*0 

Flash  poin'r 

of  Karachukhur-Surakhany 

15) 

Open  crucible 

and  Orosnyy  petroleums 

16) 

Closed  crucible 

6) 

From  Karachukhur-Sura¬ 

17) 

Pour  point 

khany  parole  urn 

18) 

Coking  capacity 

7) 

From  Zhirnovsk  petroleum 

19) 

AzNII  stability 

8) 

From  mixed  sulfur-con- 

20) 

Induction  period,  min 

taininn  petroleums  (Tuy- 

21) 

Total  oxidation  time,  min 

mazy,  Bavly,  Bugul'ma  and 

22) 

Pinkevich  corrosion  on 

Mukhanovo) 

lec-d  plates,  p/m* 

23)  Sulfur 

24)  Group  chemical  composi¬ 
tion 

25)  Naphthencparcffinic 

26)  Aromatic 


Tars  and  losses 
Ring  composition 
Naphthenic  rings 
Aromatic  rings 
Paraffinic  chains. 


9.  DEPOSITS  IN  INTERNAL-COMBUSTION  ENGINES 

The  carbon-containing  deposits  formed  on  the  components  of 
internal  combustion  engines  are  classified  as  scale,  varnish  ani 
sludge. 

Scale  is  composed  of  hard  carbon-containing  substances  de¬ 
posited  on  combust ion-chamber  wall?,  valves,  sparkplugs,  and  on 
the  top  face  and  the  upper  part  of  the  side  oi'  the  piston. 

Varnish  deposits  are  thin  varnish-like  films  formed  on  the 
piston  in  the  piston-ring  zone  and  on  the  skirt  and  inside  walls 
of  the  pistons . 

Sludge  is  a  greasy  coagulum  that  collects  on  crankcase  walls, 
in  crankshaft  Journals,  on  filters  and  in  oil  lines. 


too  ZOO 
2  AnumtPbMCCmt  pafomv  Muicnwm,  v 

Fig.  6.15.  Influence  of  engine  running  time  on  composition  of 
scale  formed  in  combustion  chamber  [28]  (tests  on  gasoline  con¬ 
taining  0.54  ml/kg  of  TEL).  1)  Composition  of  scale,  2)  engin- 
running  time,  h. 


I  *4  *4 

X  * 

ImH 

5  to  r  to - 
|» to\ 
*  at  /»L 


'*■■*  u  jl 


Fig.  6.16.  Influence  of  piston 
temperature  in  lMCh-10.5/13 
engine  on  composition  of  car¬ 
bon-bearing  deposits  [lei.  1) 
Carbenes  and  asphaltenes,  l\ 

2)  oil;  3)  carbenes;  4)  tem¬ 
perature;  5)  asphaltenes. 
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TABLE  6.40 


Elementary  Composition  of  Scale  on  Platon 
Pace  In  Aviation  Engine  [31] 


1 

2 

SjlOIICHTipHUa  COCTM,  % 

c 

H 

0 

3  ,0M 

i  /bicnu.’ifli  noe  baskoctho  18  ecm 
opn  100*  C . 

71,9 

43 

18,6 

3,7 

5  HBaycrpinJibnoe  50  .....  . 

753 

4,5 

183 

1.4 

Note.  Engine  operated  on  unleaded  gasoline; 
test  time  100  hr. 

1)  Oil 

2)  Elementary  composition.  % 

3)  Ash 

4)  Distillate,  viscosity  18  cSt  at  100°C 

5)  Industrial  50. 


Fig.  6.17.  Influence  of  speed,  load  and  effective  power  of  ZIL-120 
engine  on  scale  formation  [29]:  1)  700  rev/min;  2)  1000  rev/min; 

3)  1600  rev/min;  o)  2000  rev/min.  A)  Scale  buildup,  mg  to  10  kg  of 
fuel:  B)  kg;  C)  engine  power,  hp. 


Fig.  6 .18.  Influence  of  fuel-mixture  com¬ 
position  on  scaling  in  ZIL-120  engine 
[2'?].  A)  Amount  of  scale,  mg;  B)  test 
time,  h. 
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TABLE  6.41 


Composition  of  Carbon  Deposits  in  Two-Stroke, 
Gasoline-Fueled  Vehicle  Engine  [32] 


1 

Mecro  OTflop* 
yrotpcjuiCTux  omoweait 

*° 

jCHOJTH 
n  OHCB- 
KBCJIOTH, 

% 

4 

WHW,  % 

5 

Hone,  % 

6 

Dona, 

% 

7  flunme  nopmM . 

3,4 

1.5 

1,5 

903 

23 

8  rcjjoBxa  niuinHflpa  .... 

6,0 

2,1 

2,8 

86.1 

2.4 

9  HtTa-Hi  BunycKHofl  encTeMH 

21,7 

1.1 

3,2 

693 

4,7 

10  Kanawa  noptaaa . 

38,9 

4,8 

3,3 

44.0 

9,0 

Note.  Test  run  under  stand  conditions  on  un¬ 
leaded  gasoline. 

1)  Carbon  deposits  taken  from 

2)  Oil  7)  Top  of  piston 

3)  Tars  and  hydroxy-  8)  Cylinder  head 

acids  9)  Exhaust-system 

4)  Asphaltenes  parts 

5)  Coke  10)  Piston-ring 

6)  Ash  grooves. 


Jt  is  customary  to  oheracf erize  carbon  deposit:;  on  the  basis 
of  their  elementary  composition  and  their  contents  of  tars,  as¬ 
phaltenes,  carbenes,  carboids,  ash  and  other  products.  The  compo¬ 
sitions  of  the  deposits  and  sludges  (Tables  6.40-6.47,  Figs,  6.15, 
6.16)  and  their  rates  of  formation  (Tables  6.48,  6.49  and  Figs. 
6.17,  6.19)  depend  on  the  design  features  of  the  engine,  running 
speed,  operating  conditions,  and  the  quality  of  the  fuel  and  oil 
used. 


As  the  temperature  of  the  engine  parts  rises  and  it  continues 
to  run,  the  content  of  volatile  compounds  in  the  deposits  de¬ 
creases  (Figs.  6.15,  6.16).  Running  an  engine  on  fuel  containing 
TEL  tends  to  increase  the  amount  of  noncombustible  products  in  the 
scale  (see  Tables  6.41  and  6.42). 

The  speed,  load  and  power  of  the  engine  and  the  composition 
of  the  fuel  mixture  (see  Figs.  6.17,  6.18)  have  considerable  in¬ 
fluence  on  the  rate  of  scale  formation.  This  rate  is  also  observed 
to  rise  when  the  fuel  contains  more  tetraethyllead  and  sulfur. 

Formation  of  varnish  deposits  depends  directly  on  the  content 
of  sulfur  compounds  in  the  fuel;  in  addition,  the  rate  of  varni3h 
formation  is  determined  by  the  group  chemical  composition  of  th*» 
oil  (see  Tables  6.48  and  6.49  and  Fig.  6.19)  and  the  effectiveness 
of  additives  used  in  it. 

Carbon-containing  deposits  cause  many  kinds  of  trouble  in  op¬ 
erating  internal-combustion  engines:  buildup  of  scale  results  in 
coking  of  spark  plugs,  interference  with  valve  operation  and  the 
combustion  process,  and  a  drop  in  engine  power  output  (Fig.  6.20); 
an  a  result,  the  engine  comes  to  require  fuel  with  a  higher  octane 
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5  HaipmeHO-napa(punohtt,% 


25  20  is  to  5  0 
n  nOJIUUUKJlUVeCKUi 
apoMamuwBKUt,  % 


Pig.  6.19.  Operational  properties  of  MS-20  oil  from  Karachukhur- 
Surakhany  raw  material  as  functions  of  hydrocarbon  composition 
C 30 J  (test  on  2Ch-8.5/ll  engine):  1)  formation  of  varnish  deposits 
on  piston  skirt;  2)  scorching  of  piston  rings.  A)  Scorching  and 
deposition  of  varnish,  t\  B)  naphthenoparaf finic ,  t;  C)  polycyclic 
aromatic,  %. 
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Fig.  6.20.  Influence  of  location  of  scale  in  combustion  chamber  on 
engine  power  losses  due  to  scaling:  1)  cooled  part  of  head;  2)  top 
of  piston,  valve;  3)  part  of  head  vigorously  rinsed  by  fuel  mix¬ 
ture  entering  cylinder.  A)  Power  losses  due  to  scale;  B)  amount  of 
scale;  C)  combustion  chamber  surface. 


TABLE  6.42 


Composition  of  Carbon-Containing  Deposits  on 
Components  of  Single-Cylinder  Engine  Operat¬ 
ing  on  Leaded  Gasoline  [33] 


i 

Mh*to  ortopt 
yr.'irpv.’iuciwx  PTrtOJHfwm 

2  oflmet 

eoaei»#  fi¬ 
nite  OIIBI 

5  COJM^WMM  r.OtJUDM**t 
MKHOI  •  OHCMMItllU,  % 

7 

npw 

n  OT7IO- 
wntMHi. 

* 

rtflOMB* 

H  W  ■ 

weiRitra 

OKRCHUt 

NtTUI* 
«Ofl  1 
|«IIM  j 

% 

•  Ahwu?  nopuM 

or  .22 

45.26 

14.89 

12,76 

ns» 

*  ro.io»K»  u.ii.iim.ipa  .  .  . 

G9.36 

60,20 

16.66 

9,01 

14.13 

1  o  ro.iouki  uunytKsoro 

K.nantsft . 

05,60 

4.20 

88.40 

0.0 

7  JtO 

1  ICmmm . 

81.50 

38.20 

51.10 

5,62 

I 

5.06 

1) 

Carbon  deposits 

taken 

from 

6) 

Metallic  lead 

2) 

Total  lead  content  in 

de- 

7) 

Other  impurities 

posits 

8) 

Top  of  piston 

3) 

Content  of  lead 

compounds 

9) 

Cylinder  head 

in  deposits 

10) 

Exhaust-valve  head 

4) 

Leaa  halide 

11) 

Plug. 

5) 

Lead  oxide 

TABLE  6.43 


Composition  of  Lead  Deposits  on  Various  En¬ 
gine  Parts  (Averages)  [34] 


i 

2 

Tewwpa- 

Aeiann  RttiPurenn,  tta  hqtopux  oOptsosMffe* 

3  or  jiomoum 

CoenuneiiM  camna 

ryp* 
onaMe- 
BHB,  °C 

4 

Kane pa 
crops- 

HUH 

5 

TvHVQe 

nopCIHB 

6 

anyCK- 

HC® 

H.iarua 

; 

■80JM* 

TOP 

cam 

auxr^cK- 

"0* 

PbBr, . 

370 

•H 

+ 

+ 

2Pb  •  PbBr, . 

710 

+ 

+  j 

+ 

— 

+ 

2PbO-3PbBr, . 

438-540 

— 

— 

— 

+ 

— 

3PbO  ■  PbBr,  .  .  .  .  . 

710 

— 

— 

— 

+ 

— 

PbO . 

888 

— 

-  ; 

— 

—  i 

*4" 

FiiO  ■  r!>33|  ..... 

980 

— 

— 

— 

+ 

+ 

2PbO  •  PbS04 . 

m 

— 

— 

— 

—  ! 

+ 

4PbOPbSO, . 

900-920 

1 

— 

— 

| 

+  i 

Note.  Engine  operated  on  leaded  gasoline  con¬ 
taining  sulfur. 

1)  Lead  compound 

2)  Melting  point 

3)  Engine  parts  on  which  deposits  were  formed 

4)  Combustion  cham-  6)  Intake  valve 

ber  7)  Plug  insulator 

5)  Piston  head  8)  Exhaust  valve. 


TABLE  6.H 

Composition  of  Varnish  Deposits  on  Parts  of 
Aviation  Engine  T31.' 


1 

Matno 


n 

Her ur, 

C  KOTOpMZ 
CHHTfcl  JIAKOBUC 

otjio;>:liwh 

Coctm  orBomcHil,  % 

3 

i  * 

*  V 

°i§ 

1 

6 

A 

S3 

/ 

«C 

2 

1  0 

“ 

K)6na  IlopiHBH 

39,8 

8.5 

49,9 

13 

i  l  BepxBRfl 

37,1 

9,4 

51,0 

2,4 

roaoBxa 

j  „  maryaa 

;06Ka  uopman 

49,6 

6. 

5 

43,0 

0,8 

l  j  BepxiiHH 

48,6 

6,9 

43,4 

1,1 

ronoBKA 

lnat^aa 

SaexeHTtpnta  coctm 
„  ornoweart,  % 


9  /jHCTHJI.IHTHOe  BH3- 

Kocrbio  18  «m 
npa  100*  C 


1  2  llH.5ycTpHaai.H09 
50 


I 


82, " 
813 

84.7 

843 


73 

7.0 

fc." 

8,0 


8.0 

9.1 

83 

6.1 


23 

23 

0.4 

1.7 


Note.  Engine  run  on  unleaded  gasoline;  test 
time  100  h. 


1  \ 
j  ) 

r\  -*  i 
*J±JL 

8) 

Elementary  composition  of 

2) 

Parts  fram  which  varnish 

deposits,  % 

deposit;  were  taken 

9) 

Distillate,  with  viscosity 

3) 

Composition  of  deposits 

of  18  cSt  at  100°C 

V 

Oil  and  neutral  tars 

10) 

Piston  skirt 

5) 

Asphaltenes 

11) 

Connecting  rod  upper  end 

6) 

Carbenes  and  earboids 

12) 

Industrial  50. 

7) 

Ash 

rating.  Varnish  deposits  tend  to  promote  scorching  of  piston 
rings;  in  addition,  formation  of  sludge  tends  to  clog  oil  lines 
and  pickup  screens,  and  this,  in  turn,  causes  bearings  to  burn 
out  (Tables  6.50,  6.51,  6.52).  It  is  therefore  necessary  to  pre¬ 
vent  formation  of  carbon  deposits  in  internal-combustion  engines 
and  to  remove  tnem  periodically  from  engine  parts.  Table  6.53 
gives  recipes  for  washing  solutions  used  to  remove  deposits  from 
engine  oil  systems.  The  results  of  using  these  solutions  are  given 
in  Table  6.5A.  Table  6.55  gives  the  compositions  of  solutions  used 
to  remove  varnish  and  scale  from  engine  parts  after  disassembly. 


-  kkj  - 


TABLE  6.45 


Composition  of  Carbon-Containing  Deposits  on 
Parts  of  YaAZ-204  Engine  [35] 


1 

2  Cociaa  otjiowohuII,  % 

a  3.1CMCRTapHUl  COCT11 
oTJiomeflii,  % 

Amai 

ABUiMTeafl 

3 

■ 

o  a 
55 

as 

4 

u 

o  5 

55 

91  5 

1 

i 

% 

it 

a 

7 

m 

§ 

19 

C 

H 

O 

• 

K 

I9 

l  o  ro.ioBxa  qn.iHHApoB 

29,43 

2,03 

0,54 

83,94 

4,06 

73,96 

4,78 

16,47 

4,79 

l  l  IlopmeHb: 

8,13 

3,55 

17,62 

1 2  «unn;8 

19,12 

2,53 

0,54 

69,68 

70,00 

8,83 

j  3  roJioBKa  Bume 

15,22 

4,79 

1,00 

74,47 

4,52 

71,96 

3,77 

19,62 

4,65 

l-ro  KOJIbQB 

20,36 

1  4  KaHaBKfi  1-ro  Konma 

12,30 

11,66 

0,80 

73,15 

2,09 

73,58 

3,51 

2,55 

KaaaBKa  2-ro  KO.'ibra 

13,32 

8,03 

1,29 

74,95 

2,41 

77.10 

4,31 

17,07 

1,52 

KasaBica  3-ro  Ko.ibua 

13,25 

11,25 

1,22 

70,65 

3,63 

75,36 

4,10 

17,01 

3,53 

KaHaBKa  4-ro  xo.ibqa 

15,13 

13,48 

1.13 

65,00 

5,26 

73,62 

4,27 

17,04 

5,07 

l  5  KasaBKU  5-ro  a 

37,78 

7,72 

0,83 

43,86 

9.81 

— 

—  | 

— 

— 

6-ro  KOJien 

1  6  KBH8BKX1  1-TO  H 

30,59 

10,33 

1,52 

39,79 

11,77 

— 

f 

1 

— 

8-ro  xonep 

1  7  IlopmaeBue 
KOJibiia: 

is  1-e  KOMnpcccnoBuoc 

12,24 

13,02 

0,44 

71,53 

2.77 

— 

— 

— 

2-e  KOMnpeccuoHooo 

11,88 

7,53 

1,00 

75,29 

3,70 

75,62 

4,26 

16,54 

3,53 

3-e  voMnpeccuonHOo 

18.39 

13,06 

2,72 

61,68 

4,15 

— 

— 

— 

— 

4-e  KOMunecnioBHoe 

19.08 

15.14 

1.41 

56.35 

8,02 

-  ' 

— 

— 

— 

19  5-en  6-e  wacno- 

35,53 

9,82 

0,60 

41,04 

13,01 

— 

— 

— 

— 

CbCMHbie 

75,63 

2  o  7-e  n  8-e  Macao- 

52,00 

5.13 

3,37 

29,25 

10,25 

4,15 

9,51 

10, 7t 

cie.MHue 

2  1  Tiuibaa  un.niHapoB: 

4,63 

18,34 

BcpxHiiu  none 

30,00 

4,24 

1.18 

63,33 

1,25 

75,84 

1,19 

2  2  ripo.iyno'iHuo  okhb: 

80,59 

6,47 

7,60 

2  3  1-n  rnataa 

40,24 

2,24 

1,13 

49,79 

6,63 

5,34 

2-k  m.ibsa 

34,63 

178 

1,12 

57,06 

5,16 

S0.65 

5,62 

9,03 

4,70 

3-n  rnJibaa 

35,56 

2,99 

1,22 

54,50 

5,73 

81,24 

5,87 

8,76 

4,13 

4-n  rn.ibaa 

40,40 

1.76 

1,17 

51,84 

4,83 

82,31 

5,66 

7,95 

4,08 

2  4  K.iananu 

26,30 

1,13 

3,57 

57,76 

11,24 

" 

"""" 

Note.  Test  run  on  oil  with  UHATHM-339  addi¬ 
tive;  test  time  500  h. 


i) 

Engine  part 

13) 

Side  above  lst_  ring 

2) 

Composition  of  deposits,  % 

14) 

Groove  of  . . .th  ring 

3) 

Oil  and  tars 

15) 

Grooves  for  5th  and  6th 

4) 

Hydroxyaclds 

16) 

rings 

5) 

Asphaltenes 

Grooves  for  7th  and  8th 

6) 

Carbenes  and  carbolds 

rings 

7) 

Ash 

17) 

Piston  rings 

8) 

Elementary  composition  of 

18) 

. . . th  compression 

9^ 

deposits,  % 

Noncombustible  residue 

19) 

20) 

5th  and  6th  oil-control 
7th  and  8tE  oil-control 

10) 

Cylinder  head 

21) 

Upper  zone  of  cylinder 

11) 

Piston 

sleeve 

12) 

Top 

22) 

Ports 

23) 

. .  .th  sleeve 

24) 

Valves . 

TABLE  6 . 46 


Elementary  Composition  of  Carbon  Deposits  on 
Pinal  Oil  Pilters  of  GAZ-51  Engine  [36] 


1)  Oil  3)  Industrial  50 

2)  Elementary  com-  4)  AS-5. 

position 


TABLE  6.47 

Composition  of  Deposits  in  Engines  of  "Pobeda" 
and  "Moskvich"  Automobiles  [3U 


ABTOHOflUlk 


Mecro  OTfiopH 
OMSK* 


Cocto  OMm».  % 


oi  Sn 

SI  II 


1  o  «Ilo6ej»» 


l  6«  Mock  Bin* 


nosaoH  Kaprepa  2,9  68,1  13,0  05  10,1  5.7 

K-iatigBBafl  ko- 

po6K«  .  .  .1.2.  2,0  70,5  125  C,2  11,1  35 

OtcioAbhk  {uuibT- 
pa  rpyCofl  o'ln- 

ctk*  .  .  .  .».3.  1,0  73,3  10,6  0,8  9.6  17 

CeTKa  npneuHHKa 

vacjiOHacoca  }  4  6,4  594  155  05  185 

h’opoCKa  tuecTepc^  5,6  57,5  17,7  C,3  18,9 

FIojuoh  KspTcpa  26,9  67,5  2,1  0,1  2,1  |  15 

<J>a;n>Tp  tohkoO 

obqctkq  .  .  S  7  5,0  55,6  135  1,1  15.1 


Note.  In  view  of  the  insignificant  fuel  con- 


tent  in  the  deposits, 
the  calculations. 

it  was 

noc  included  in 

1) 

Automobile 

12) 

Valve  chamber 

2) 

Deposits  taken  from 

13) 

Pirst-filter  trap 

3) 

Composition  of  deposits 

14) 

Oil  pump  pickup  screen 

4) 

Water 

15) 

Timing  case 

j) 

Oil  and  tars 

16) 

’’Moskvich" 

b) 

Hydroxyacids 

17) 

Pinal  filter. 

7) 

Asphaltenes 

8) 

Carbenes,  carboids 

9) 

Ash 

10) 

"Bobeda" 

11) 

Bottom  of  crankcase 

TABLE  6.48 


Influence  of  Group  Chemical  Composition  of 
Oil  on  Formation  of  Carbon-Containing  De¬ 
posits  on  Piston  [37] 


1 

2 

npofloa- 

Ko Ane- 
cno  or- 

r 

2 

ITpoflon- 

Kom- 
erto  or- 

wnrcJib- 

nominal 

npOHTKTM 

HlDTeJU- 

IIpoflyKTH 

HOCTt 

paOoTki, 

H 

Ha  wrpnrae 
r 

Monuyii, 

3  * 

HOCTfc 

pafioTM, 

% 

aa  aopmaa 

8  KOJIfr- 

3““-* 

4  Macao  nuaycrp*- 

10 

3,5 

^0flnnHK.iinecKHe 

10 

23. 

aatnoe  SO 

20 

7,1 

apoMaTHiecKHo 

20 

4.1 

30 

11,2 

yrneBOflopoflu 

30 

63 

40 

15,4 

tiacsa  BBflycTpa- 

40 

83 

50 

19,3 

aabHoro  50 

5  Kadnrsao-napai*- 

6 

4,5 

8  Macao  AC-10,5 

10 

13 

EOBbie  yraeBOjo- 

16" 

113 

na  cepHucTHX 

20 

33 

poau  Macaa  hb- 

26 

19,1 

ae^Tfft 

30 

6,0 

flycTpna.ii.aoro  50 

36 

27,1 

Q 

40 

8,4 

6  Ma.ionflKJiaiecKne 

10 

3,2 

Kai{!TeHO-napa$H- 

10 

2,7 

apoMaTHiecKne 

20 

63 

BOBue  yrjieBOflo- 

20 

6,0 

yrflcaoflopoflu 

30 

9,1 

poflu  jiacfla  AC-10,5 

1  ApoMaTHiecKHe 
yrneBOflopoflu 
Macaa  AC- 10,5 

30 

11,1 

Macaa  nHfly- 
cTpnaflbBoro  50 

40 

50 

123 

15,5 

.10 

20 

30 

13 

3,7 

5,9 

40 

7.7 

Note.  Tests  run  on  IT9-2  engine. 

1)  Product 

2)  Running  time,  h 

3)  Amount  of  deposits  on  piston  and  rings,  g 

4)  Industrial  oil  50 

5)  Naphthenoparaffinic  hydrocarbons  of  indus¬ 
trial  oil  50 

6)  Oligccyclic  aromatic  hydrocarbons  of  in¬ 
dustrial  oil  50 

7)  Polycyclic  aromatic  hydrocarbons  of  indus¬ 
trial  oil  50 

8)  AS-10.5  oil  from  sulfur-containing  petro¬ 
leums 

9)  Naphthenoparaffinic  hydrocarbons  of  AS-10.5 
oil 

10)  Aromatic  hydrocarbons'  of  AS-10.5  oil. 


4 


TABLE  6.49 


Influence  of  Group  Chemical  Com¬ 
position  of  Oil  on  Formation  of 
Varnish  Deposits  [3^] _ 


1 

□por.rxTH 

2 

JIaKOP0;,aao»aBw 

Rt  UOnUJ'S  TCTUORHS 
ll3H,  &UI1M 

Macao  MC-20  Ha  Kapaiyxypo- 

cypaxaecKoft  mfcrt . 

3.0— 4,0 

Ha$Teno-napa(}>nuoBaH  jipaKOSH 
Ma&aa  MC-20 . 

50-5,5 

To  we  +  apo.uaTirsecKBe  yrvte- 
ooaopoflu  wawia  MC-20: 

6  1 5%  MOHOUJIWIH.ecKHX  .  . 

5,0— 5^5 

25%  » 

5.0 

„  40%  » 

5.0 

7  5%  nMnunK.nnecKMX  .  . 

4, 5-5.0 

10%  a 

3, 5-4.0 

15%  » 

2.5-3.0 

1)  Product 

2)  Varnish  formed  on  pi3ton  of 
PZV  machine,  points 

3)  MS -20  oil  from  Karachukhur- 
Surakhany  petroleum 

4)  Naphthenoparaffinic  fractior 
cf  MS-20  oil 

5)  Same  +  aromatic  hydrocarbons 
from  MS-20  oil 

6)  155*  monocyclic 

7)  5%  polycyclic. 


TABLE  6.50 


Influence  of  Engine  Oil  Change  Interval  on 
Formation  of  Deposits  [391 


1 

HencnpfiHioeT* 

Kamwr>o  «,Touo0»tJiei  (a  %).  7  KoropuK 
Hieawatocfc  ueacuMaMB  epa  epona  cam 

2  ami 

4000  <4M 

(000  Mi 

m  o  mi 

3  CeTxa  Mac-ionpaeuBaxa  b»6btb  oeaa- 
Kami  Sonet  nev  it  30% . 

8 

14 

40 

4  MecaonpcaoAM  noKHOcran  aatani 
ocawaia . 

8 

28 

60 

Note.  Engines  showing  little  wear  were  se¬ 
lected  for  the  tests;  the  vehicles  were 
driven  50,000  km  during  the  tests. 

1}  Complaint 

2)  Number  of  vehicles  (in  %)  in  which  trouble 
was  reported  with  oil  change  interval  of 

3)  Oil  pickup  screen  more  than  30!*  blocked 
by  deposits 

4)  Oil  lines  completely  clogged  by  deposits. 
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TABLE  6.51 

Fouling  of  Oil  Pickup  1) 

Screen  by  Deposits  as  2) 

Function  of  Vehicle- 
Mileage  3) 


1 

Ilpofler 

tlTOMOtflM’l. 

KM 

Cnaevh 

Mry*9R** 
HIM  34tm* 

tacaonpi- 

6MBIKS 

ocflAxam, 

2  * 

Toauma 
oftiomnuf 
m  eerxe 
ticcActrpi- 

evRiKa 

MM 

J>  _ 

6000-7000 

0-10 

<i 

12  COO- 15  000 

20-50 

<1 

30000-400:0 

80-100 

<1 

CBume  40000 

100 

>1 

Note.  The  vehicles 
were  operated  under 
city  driving,  condi¬ 
tions  with  an  oil- 
change  interval  of 
1600-2000  kin. 


Distance  traveled  by  vehicle,  km 
Extent  of  oil  pickup  screen  foul¬ 
ing  by  deposits,  % 

Thickness  of  deposits  on  oil  pick¬ 
up  screen,  mm 
Above . 


TABLE  6.52 


Influence  of  Deposit 
Formation  on  Engine 
Performance  [12] 


1 

Henomuai  ■  (*0ow 

XHrUMt 

Komcno 

1  mwnmmob. 

% 

1 

iflpnropeHie  nopmaa- 

67,3 

BUZ  KOJKQ  .  .  .  . 

43i6bbk>  uacnonpo- 

ftoaoi  . 

nunr.»BK»  nojmHnHB- 

533 

BOB  . 

6  IIpHrophHBe  KJIUM- 

40.4 

COB  . 

36,.'* 

1)  Engine  trouble 

2)  Number  of  case-:,  % 

3)  Scorched  piston  rings 
*1)  Oil  line  clogging 

5)  Bearings  burned  out 

6)  Valves  burned. 


TABLE  6.53 


Composition  of  Washing  Solutions  Recommended 
for  Removing  Carbon  Deposits  from  Engine  Oil 
System  [39] 


1 

j.  rUr«r 

XONSOHWTli 

1 

f 

m* 

0 

L  sTpaaa 

K»poc!ino-r».iofl.i»iul  anctr.i.mr  4.  *0 

10%  aa$Tcum  cutiqt,  nun  it  naa  «o» 

11  . 

2  160  9fl 

• 

1939 

u 

COA 

JletKoe  ute.no  +  10%  Gejie  it,  roayoai 

1942 

if.m  iscu.ioan  . 

2  279  001 

» 

Brp?T«fiao«  Mar.io  -f-  ao  15%  creep*™  a/>* 

2  403  169 

1948 

,m yp«Jify.n.^aT*  aarpo a  . 

• 

) 
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4 


9 

10 

12 

14 


19 


16 


TABLE  6.53  (continued) 


1 

2 

lUTear 

KOMnOlltHTM 

N 

jr 

4  CTpaxa 

< 

Cjteeo  xacaa  (50— 75%)  n  .inrpGTraonoroA  je- 

) 

6 

ui.iJifiTa  (50—25%)  . 

2  410  613 

1646 

CIO  A 

JInrpomio-KcpocnnoBufi  AncTfiJiJiiiT  -f  1  — 
20%  npncaflxn,  no/iyiouHofi  a  a  6a;  e  nail 
ccpmicToro  $oc$opa  . . 

11 

461  503 

1949 

KaaaAa 

Cwocb  jtpanqnn  DUcoKOKnnxmnx  j  rxcBOAopo- 

Aoa,  coflepwameu  ne  ueaee  50%  apoxaro- 
?ecxnx  yrneaoAopoAOE  u  2—20%  yrnaea- 

1 

69  207 

13 

r.Tixcwieaoro  a$apa  . . 

1952 

rojuax* 

J’oTopaoe  Macao  (50— *’5%)  -f  cxeca  apeso- 

'  i 

AM 

Jia  o  uuna  (50—25%),  cocToama*  B3  paa- 
aux  tacTefl  0pTOKpe30.ua  n  paciaopa  aaaaa- 

2  671  036 

1954 

6 

aoro  uan a,  pH  KOTOporo  paseo  8,5— 9,0 
CMvCb,  cocToremaa  aa  irnmux  aaKnaaaxemea- 

CfflA 

aux  oenaojia  c  7—10  ymepoAHMMa  CTOxa* 
mh  b  Moaeay ae  (25—75%),  xoHOxeTiuiraa- 
Koaesoro  a$iipa  (75—25%)  a  sjinpa  pim*- 
BoaesoO  kocjiotu  (0,1  —10%)  . 

2  672  450 

1954 

* 

Cute*  aaKsuiaxtTBa,  auenmero  ueaee  9  yrae- 

popiaux  aioMOB  (10—25%),  xoBoaaxaafc- 
uoro  r.iHKoacBoro  ajmpa  (20—40%),  xjio- 
pnpoBaHHoro  6eH30.ia,  coaepwamero  2— 

6  aTOMOB  x.iopa  (15—35%),  a  apoxama- 

729  329 

1 

| 

17 

cxoro  yr-iepoxa  (10—50%)  . 

1955 

Aarana 

1)  Components 

2)  Patent 

3)  Year 

4)  Country 

5)  Kerosene-gas-oil  distillate  +  up  to  10$  naphthenate  of  lead, 
zinc  or  tin 

6)  USA 

7)  Light  oil  +  10$  benzene,  toluene  or  xylene 

8)  Spindle  oil  +  up  to  15$  of  sodium  stearate  or  lauryl  sulfate 

9)  Mixture  of  oil  (50-75$)  and  ligroin  distillate  (50-25$) 

10)  Ligroin-kerosene  distillate  +  1-20$  of  additive  prepared  from 
phosphorus  pentasulfide 

11)  Canada 

12)  Mixture  of  fraction  of  high-boiling  hydrocarbons  containing 
no  less  than  50$  aromatics  and  2-20$  ethylene  glycol  ester 

13)  The  Netherlands 

14)  Motor  oil  (50-75$)  +  mixture  of  cresol  and  soap  (50-25$)  con¬ 
sisting  of  equal  parts  of  orthocresol  and  solution  of  potas¬ 
sium  soap  with  pH  of  8. 5-9.0 

15)  Mixture  consisting  of  lower  alkyl-substituted  benzenes  with 
7-10  carbons  in  the  molecule  (25-75$),  glycol  monomethyl  es¬ 
ter  (75-25$)  and  ricinoleic  acid  ester  (0.1-10$) 

16)  Mixture  of  an  alkylamine  with  fewer  than  9  carbons  (10-25$), 
a  mcnoalkyl  glycol  ester  (20-40$),  chlorinated  benzene  con¬ 
taining  2-6  chlorine  atoms  (15-35$)  and  aromatic  carbon  [sic] 
(10-50$) 

17)  England. 
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TABLE  6.54 


Influence  of  Washing  Solution  in  Raising  En¬ 
gine  Compression  [12] 


1 

|2<onnpcccH*,  *r/c*» 

II5M-RB- 

1  1 

pKOIOipRJCIIR,  kT/lm1  ] 

Bunn. 

Ni 

5  KH# 

5  ni 

UnAMHOPt 

*  flO 

'  npo*  | 

!  4  noaic 

I  npo- 

HOMnpec- 

CBJ1, 

|  TJUJI8K4P4 

no 

3  npo* 

docjm 

4  np> 

Kouzrpw 

en» 

MUDKH 

MUBKH 

kT/cm • 

UbUHi 

MUBKH 

slpraoBofi  airouo6anb 

7  JlerKOBoil 

IBTOMoSllk 

(npoOer 

92  500  km) 

(apo6er 

41750  km) 

1 

6.9 

7.4  | 

+0.5 

1 

6,0 

8,0 

+2.0 

2 

7.0 

7,6 

406 

2 

3 

6,3 

7,0 

8,3 

8,0 

+2,0 

+1.0 

3  ■ 

6.9 

7.0 

+0,1 

4 

6,7 

8,0 

+1.3 

4 

3,'J 

7.4 

+3,5 

5 

6 

4.9 

6,3 

7,7 

8,3 

+2,8 

+2,0 

5 

6.0 

7,3 

+  1,3 

7 

7,0 

8,0 

+1.0 

6 

6.3 

7,0 

i 

+0.7 

8 

1 

5,3 

80 

+1.7 

1)  Cylinder  No . 

2)  Compression,  kg/cm2 

3)  Before  washing 

4)  After  washing 

5)  Compression  change,  kg/cm2 

6)  Truck  (mileage  9 2,500  km) 

7)  Passenger  car  (mileage  41,750  km). 


TABLE  6.55 


Composition  of  Solutions  for  Re¬ 
moval  of  Varnish  Deposits  and 
Scale  from  Engine  Parts  [31J 


2  KOJIOBSCTW)  iOBi,  «/4 

1 

jvin  ctoctki 

KOMDOHeHTU 

cnuibHha 

OSMCfKM 

i 

unoMiHsesus 

lyrynithii 

3  ,'.ennei 

,  MTBM* 

4 

^Esxnfi  H»tp . 

25 

6  Cofl«  . 

33 

1W 

7  3eaeHoe  mubo . 

8,5 

10 

BJKn.'Koe  CTBKflo  .... 

Note-  The  parts  are  kept  in  the 
solution  for  2-3  hr  at  85-9u°C, 
washed  wltn  water  and  then 
brushed  clean. 

1)  Component 

2)  Amount  of  water,  g/liter 

3)  For  ^leaning  steel  and  cast 
iron  parts 

4)  For  cleaning  aluminum  parts 

5)  Caustic  soda 

6)  Soda 

7)  Green  soap 

8)  Water  glass. 
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10.  OIL  CONSUMPTION  IN  ENGINES 


Oil  consumption  in  an  engine  is  determined  by  its  operating 
regime,  design  features  and  general  condition,  as  well  as  by  the 
quality  of  the  lubricating  oil.  It  is  composed  of  the  amount  of 
oil  originally  put  into  the  engine  and  the  amounts  added  periodi¬ 
cally  to  replace  oil  burned,  evaporated  and  lost  through  clear¬ 
ances  and  seals . 

The  approximate  per-hour  consumption  of  crankcase  oil  can  be 
calculated  by  the  formula 


Qn  = 


q-XK 

1000 


2*. 

Tp 


where  $ch  is  the  rate  of  oil  consumption  in  kg/n; 

q  is  the  specific  oil  consumption  recommended  by  the  en¬ 
gine  manufacturer  in  g/(hp-h); 

N  is  the  engine’s  rated  power,  hp; 

Ms  a  coefficient  that  takes  account  of  cylinder  and 
bearing  wear  and  is  equal  to: 

1.25-1. 30  for  high-speed  engines  (>500  rev/mln) 
when  the  bearings  are  pressure-lubricated  and  the  cylin¬ 
ders  are  lubricated  by  splash; 

1.2  for  slow  engines  (200-500  rev/mln)  with  the 
same  lufcri eating-system  design; 

1.1  for  slow  engines  with  lubricator  lubrication; 

1.05  for  slow  engines  with  ring  or  chain  lubrica¬ 
tion  of  the  main  bearings,  centrifugal  lubrication  of 
connecting-rod  bearings,  and  lubricator  lubrication  of 
the  cylinders; 

Q  is  the  oil  filling  of  the  crankcase  in  kg; 

Z* 

T is  the  working  time  of  the  oil  in  hours. 

In  automotive  engines,  oil  consumption  is  usually  calculated 
in  per  cent  of  fuel  consumption,  and  amounts  to  about  3.5?&  for  new 
engines  that  have  not  had  a  major  overhaul  and  from  ^  to  6%  depend¬ 
ing  on  degree  of  wear  for  all  others. 


For  engines  with  compression  ignition  (stationary,  marine, 
locomotive),  the  following  approximate  consumption  norms,  which 
have  been  develooed  on  the  basis  of  manufacturers'  data  and  gen¬ 
eralization  of  operating  experience  [5],  may  be  adopted: 


1.  Two-stroke  semidiesel  engines: 
a)  compression  ratio  below  6 


engine  power,  hp .  10-25  25-75 

oil  consumption,  g/(hp-h) .  30-20  20-15 

t>)  compression  ratio  6-8.5 


engine  power,  hp . . 

oil  consumption,  g/(hp-h) 


b  e  1  ow  0 
15-20 


Pig,  6.21.  Influence  of  fractional  composition  of  oil  on  oil  con¬ 
sumption  (tests  of  a  number  of  oils  with  6.8-cSt  viscosity  on  Law- 
son  engine  at  100°C)  [12], 


Mac.TO 

_  5 

^KoaiKjiiianeMT  picxoaa 

A 

1.0;  0.95;  1,0;  1,05 

2  &I8.10H 

1.0 

B 

1,05;  1,0;  1,0;  0,t5 

3 

r 

2.0;  1.9;  l.g;  1,9 

* 

2.3;  2.5 

1)  Vacuum-distillation  temperature  at  5  mm  Hg,  °C;  2)  standard;  3) 
distilled  over,  %\  4)  distillation  temperature  at  atmospheric 
pressure,  °C;  5)  oil;  6)  consumption  coefficient. 


Pig.  6.22.  Influence  of  oil  viscos¬ 
ity  on  oil  consumption  In  Lawson 
single-cylinder  engine  [12],  A)  Oil 
consumption  coefficient;  B)  viscos¬ 
ity  of  oil  at  100°C,  c3t, 
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* 


2.  Four-cycle  high-compression  petroleum  engines: 


engine  power,  hp.... .  below  40 

oil  consumption,  g/(hp-h) .  12-10 


3.  Unsupercharged  diesels: 

a)  two-stroke 

engine  power  in  one  cylinder,  hp  50-100  100-150 
oil  consumption,  g/(hp-h) .  22-18  18-12 

b)  four-stroke 


engine  power  in  one 

cylinder,  hp .  below  50  50-100  100-150 

oil  consumption, 

g/(hp-h).... .  10-8  8-6  6-4 

4.  Four-cycle  supercharged  diesels: 


engine  power  in  one 

cylinder,  hp......  below  50  50-100  100-150 

oil  consumption, 

g/(hp-h) .  8-6  7-6  6-4 


The  norms  given  above  apply  for  oils  with  certain  average 
proper  ties  -  fractional  composition  and  viscosity.  In  the  general 
case,  the  higher  the  content  of  low-boiling  fractions  in  the  oil, 
the  larger  will  be  the  amount  burned  and  vaporized  off,  and  this 
will  make  up  the  major  part  of  oil  consumption  (Fig.  6.21). 


A  definite  relationship  is  also  observed  between  oil  consump¬ 
tion  and  oil  viscosity:  consumption  decreases  with  increasing  vis¬ 
cosity  (Fig.  6.22). 
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Transliterated  Symbols 

y 

H55 

h  -  ch  =  chasovoy  =  per  hour 

1 

455 

3=z=  zalivayemyy  =  poured  in 

^55 

p  =  r  =  rabota  =  work,  working,  running 

